














Exposed to sea water for more than a decade, these 
two specimens show the remarkable corrosion- 
resistance of both welded and unwelded 70-30 
cupro-Nickel alloy. 

Welds ... including butt, fillet and tack welds 
... performed as well as the rest of the alloy, re- 
flecting its natural weldability and inherent cor- 
rosion resistance. 

Although primarily developed for use in ma- 
rine condenser tubes, this alloy is particularly 
useful for large diameter piping, water boxes, 
tanks, sheathing and similar forms. 

It is strong, tough, and not susceptible to de- 
zincification nor subject to stress corrosion crack- 
ing. It sturdily resists both pitting and erosion 
(impingement attack). 

Full information is available upon request and 


We invite your inquiries. 


THE INTERNATIONAL NICKEL COMPANY, INC. 





THE WELDED SPECIMEN, on the right, was part of a model 
gasoline tank designed for use with salt water ballast. Par- 
tially immersed for 4!5 years in the polluted harbor at 
Newport News, Va., it was tested along with several other 
materials, and proved outstanding among the few that with 
stood this exposure without appreciable damage. After the 
Newport News tests, this specimen was continuously ex- 
posed for another 6 years, partially immersed in flowing 
sea water at Kure Beach, North Carolina. 





Its companion specimen, made of the same alloy contain- 
ing 70 per cent copper and 30 per cent Nickel, was similarly 
exposed at Kure Beach for 11 years. The rate of corrosion 
was the same for both specimens... only 0.0002” per year 


These specimens are permanently displayed in the Inco 


Marine Test Station at Kure Beach. 
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Over the years, International Nickel has accumulated a fund of 1 
ful information on the selection, fabrication, treatment and perfor 
ance of engineering alloy steels, stainless steels, cast irons, bras 
bronzes and other alloys containing Nickel. This information 
yours for the asking. Write for “List A” of available publicatic 
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from this machine detect 
and locate flaws within 
parts made from metals, 
plastics and other mate- 
rials; see page 113. Koda- 
chrome taken in Labora- 
tory of Sperry Products, 
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Supersonic Inspection of Materials 


Nondestructive tests are always useful in manufacture 

. . » . 

and design. A comparatively new technique that applies to 

both metallic and non-metallic materials, is the use of super- 

sonic waves for inspection. On page 113, Benson Carlin, 

product engineer, Sperry Products, Inc., discusses the charac- 

teristics of supersonic waves and their use in locating minute 
flaws in various materials. 


Protecting Product Designs 


As far back as 1842, Congress recognized that an incentive 
should be given to the industrial designer in the form of the 
‘design patent,” to protect design as well as mechanical 
features of a product. On page 81, William K. Rieber, 
patent engineer, claims that design patents are not being 
used often enough by industry, and explains their functions 
ind requirements. 


Charpy and Izod Testing 


Although Charpy and Izod impact tests are not new, 
they are still the subject of extensive investigation by metal- 
lurgists, physicists, and design engineers. Generally, the use 
of these tests for specification has lagged behind technical 
knowledge, probably as a result of the difficulty of interpret- 
ing these tests. On page 106, C. M. Schwitter, formerly 
Major, U. S. Army Ordnance Department, gives details of 
the various types of standard tests specimens and discusses 
the need for impact tests 


Fatigue Strength of Steel Parts 


The three principal variables that affect the fatigue 
strength of stecl parts are hardness, surface finish and stress 
concentration inherent in the shape of the part. On page 
144, Dr. Charles Lipson, consulting engineer and associate, 


The Detroit Testing Laboratory, and Philip O. Johnson, 
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Small Zinc Alloy Die Castings, by Joseph Saks, Gries 
Reproducer Corporation. Engineering design data for 
specifying zinc alloy die castings weighing less than 4 oz., 
which are typical examples of economical parts that are 
usually sand cast, cold forged or wire formed 


Spot-welded Aluminum Lap Joints, by R. C. McMaster and 
H. J. Grover, Battelle Memorial Institute. Results of 
fatigue tests on spot-welded lap joints loaded in shear. 
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head of structures department, Fisher Body Division, Gen 
eral Motors Corporation, present design charts for evaluat- 
ing the endurance limits of steel parts having a given hard 
ness, surface finish and stress concentration factor. 


Dielectric Heating 


Many design advantages can often be attained by the use 
of various production modifications. A new technique that 
should be investigated for possible design economies is di 


electric heating of materials. On page 158, B. E. Rector, 
electronic engineer, Westinghouse Electric Corporation, 
describes some basic factors to consider in determining 


whether dielectric heating is desirable and profitable. 


Turbine Pumps 


There is an excellent possibility that the turbine or peri 
pheral pump may have many uses not yet recognized because 
its principles of operation are not generally understood. On 
page 163, Warren E. Wilson, director of research, Sund- 
strand Machine Tool Company, analyzes the flow of fluid 
through this type of pump and derives characteristic equa- 
tions for delivery, power and efficiency. 


Electrified Drives for Conveyors 


Electrified units driving trolley conveyors are extremely 
useful in many industrial machines and processes. Beginning 
on page 84, Sidney Reibel, materials handling consultant, 
Albert Kahn Associated Architects and Engineers, discusses 
problems in applying constant and variable speed drives, 
protective devices and multiple units for sprocket and cater- 
pillar drives. 


Silver Brazing of Cast Iron 


The simple grey iron casting has design limitations as a 
material and in complex structures that are difficult to core. 
Silver brazing cast iron offers a commercially practical way 
of expanding the application of iron castings. On page 128, 
Harold Frick, chief engineer of the Kolene Corporation, 
offers several stimulating ideas on the design possibilities 
resulting from silver brazing of cast iron. 


Specifying Hydraulic Fluids 


Proper operation of many industrial machines depends on 
the type of hydraulic fluid used. On page 122, E. A. Reehl, 
Works Laboratory, General Electric Company, tells how to 
specify hydraulic fluids, and discusses seven basic factors, 
including viscosity, acidity, and load-carrying capacity 


Nonmetallic Air Ducts 


Development of air ducts of nonmetallic materials was 
accelerated by the shortage of metals during the war. On 
page 138, the advantages of these new ducts are discussed 
in an article by Watson G. Harding, U. S. Rubber Company. 


HIGHLIGHTS 





Industrial Adhesives, by Nicholas J. Del ollis, National 
Bureau of Standards. First of a two-part series, covering 
vegetable, protein and thermoplastic resin types of ad- 


hesives, and factors affecting bond strength. 


High Heat and Corrosion Resistant Plastic, by E. B. Yelton, 
E. I. duPont de Nemours & Company. Properties and appli- 
cations of this new thermoplastic, called Teflon, which has 
many uses as gaskets, seals and electrical components 
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The Buncombe About Engineers and Politics 
. A POPULAR SUBJECT for commencement speakers at technical university graduation exer- 
: cises is the dearth of engineers in political offices. From many quarters comes the cry for the 
™ engineers and scientists to get into politics to save civilization from destruction by the discoveries 
d- and developments of the war years. The professional politicians smile. Well do they know that 
“1 engineering is not politics; that today most of the pressing national problems are handled on the 
basis of political expediency rather than scientific deduction; that most voters cast their ballot for 
the candidate who promises most and is able to hand out the greatest amount of patronage. It 
sometimes makes little difference whether the candidate is a highly respected churchman or a 
sly jail bird. If he is sufficiently skillful in repartee, graft and largesse, he will be elected, even 
ng though he may be sentenced to serve his term of office in jail. 
aa Formerly, unhealthy political conditions were confined to municipalities, cities and counties. 
es, They have now become national and even international. Increased participation of engineers in 
er- politics and public affairs will not improve matters basically. Only a complete national reforma- 
tion and the general public adherence to a high code of morals can take us off the road to destruc- 
tion. As long as the public condones dishonesty, deception and graft in public office, conditions 
cannot improve. 
sa , ; liens - 
nn Not until we have a genuine reformation will it be possible to attract more qualified and 
vay specially trained men to high public offices to replace ward heelers and opportunists. We also 
128, must have more trained career men in statesmanship to meet the growing and pressing needs 
a created by international situations. 
Yes! All engineers should take active interest in politics. So should doctors, teachers, butchers, 
bakers and candlestick makers. But the crux of the whole problem is not a question of politics. 
It is a matter of the public demanding high moral standards, proper qualifications and necessary 
, on training of the candidates who will receive their vote. Obviously such a condition cannot come 
ie about until there has been a spiritual reawakening. 
ors, It is high time to debunk the loose accusations, by men who ought to know better, that 
engineers consider themselves “rough men in corduroy trousers,” that they do not have interests 
beyond their profession, and that they shun politics. “The answers are that no self respecting 
genuine engineer considers either himself or his associates as “rough men in corduroy trousers” 
.~ and many engineers hold public cfhice. As to blaming science and engineering for all the ills 
Boe created by technological progress, it is sufficient to say that it is the responsibility of every indi- 
any. vidual to contribute to the improvement of conditions. The essential contribution, without 
which civilization is doomed, is a personal effort on the part of every individual to the establish- 
— ment of a militant spiritual reawakening that will not tolerate scoundrels and incompetence in 
high places. 
nal It is high time that the buncombe about engineers shirking their political responsibilities and 
on wearing corduroy trousers be ended. 
elton, CA ft Jorden hol 
ppli- ‘@ ¢ ° 
) has 
S 
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These branch offices are staffed by men trained at our 
factory and qualified to give engineering assistance 
for the efficient application and correct operation of 
hydraulic power and control equipment. You will find 
it advantageous to refer your hydraulic problems to 
the office in your locality. 


VICKERS incorporated 


DIVISION OF THE SPERRY CORPORATION 


Executive Offices: 1454 OAKMAN BLVD. 
DETROIT 32, MICHIGAN 
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in their shape or ornamentation, or both, are recognized by the Patent Office. 


DESIGN PATENT PROTECTION 


WILLIAM K. RIEBER 


Patent Engineer 


Design patents, especially as they differ from mechanical patents, are 


defined. Their functions and method of preparation are explained. 


DESIGN PATEN'TS have come to 


be regarded by many industrialists as 


a sort of ‘second line’ defense—a 
type of protection to be had only if 
. mechanical patent is turned down by 
the Patent Office. ‘This, however, 
was never their intended purpose. 
The original intention of Congress, 
in passing legislation providing for de- 
sign patents, was to encourage “new 
and ornamental” designs for manu- 
tactured articles; a design patent cov- 
ering such a design aftords far better 
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protection than could be given by a 
mechanical patent, a copyright, or 
a registered trademark. 


Requirements for Design Patents 


Another popular misconception re 
garding design patents is that they 


are granted only to protect decorative 
designs such as those on silverware, 
dresses, jewelry and the like. While 
it is true that such designs may be 
patented, almost any article can be 
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the subject of a design patent, pro 
vided only that the statutory require 
ments of a patentable design are met. 
Briefly, these requirements are that 
the design be: (1) New, (2) orna- 
(attractive), and (3) the 
product of invention. Thus, a great 


mental 


many products, the primary function 
of which is not decoration, have been 
subjects of design patents. Illustrated 
on this page are examples of such 
designs that have been patented. 
Although the overall appearance 
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of a product, produced by the new 
design, must be different from any- 
thing in the “previous art,” a novel 
and patentable design may often con- 
sist of a new and pleasing arrange- 
ment of old forms or old details. 
While attempts are frequently made, 
particularly by the examiners in the 
Patent Office, to take a new design 
apart and to analyze it element by 
element, the courts, with fair con- 
sistency adhered to the policy of 
judging patented designs from the 
standpoint of overall appearance 
rather than by an analysis of the 
various components. 

We have said that patentable de- 
signs must be new. Who is then to 
judge whether a particular design is, 
or is not, new? This problem arises 
in cases involving infringement of a 
design patent, when it must be de- 
cided whether the allegedly infringing 
design does or does not produce the 
same overall appearance as the pat- 
ented design. The prevalent attitude 
of the courts in answering the ques- 
tion of novelty in design is best ex- 
pressed in the early landmark deci- 
sion of the Supreme Court, in Gorham 
Vs. White (81 U.S. 511). This was 
a case of infringement in which the 
question of similarity of two silver- 
ware designs was involved. In the 
decision of the Court said: 


“We hold therefore that if in the eye 
of the ordinary observer giving such 
attention as a purchaser usually gives, 
the two designs are substantially the 
same, if the resemblance is such as to 
deceive 


such an observer inducing 
him to purchase one instead of the 
other, the first one patented is in- 


fringed by the other.” 


Although the silverware ornamen- 
tation which was the subject of the 
Gorham case would not be considered 
ordinarily as an “engineered” prod- 
uct, principles of the law apply 
well to engineered products. 

In the final styling of an article 
for presentation to the public, the 
functions of the engineer and de- 
signer must merge to produce a prod- 
uct which is both functionally perfect 
and attractive. The functional novel- 
ties can be protected by a mechanical 
patent and the design novelties by a 
design patent, which is not confined 
to purely ornamental objects.  Pat- 
entable design invention was found 
in all these cases: 


as 


Coach Lamp—Britton v 
Co., 61 Fed. 93. 


White Mfg. 


Q? 


Electric Heater—Majestic E. D Co. 
v. Westinghou e E. & M. Co., 276 Fed. 
676, C.C.A. 9. 


Radiator—Am. Radiator Co. v. 
Shirley R. & F. Co., 199 Fed. 424, 
Ce A. 7. 


Trailer and tow car and trailer 
combination—Harris & Schafer v. Cur- 
tiss Aerocar Co., 69 F. (2d) 264, 
CCA. 5 (1954). 


Electric Sandwich Toaster Grill— 
Foretek Plating & Mfg. Co. v. Knapp- 
Monarch Co., 106 F. (2d) 554, C.C.A. 
6 (1939). 


Cloth measuring and computing ma- 
chine—Grand Rapids Showcase Co. 
v. Measuregraph Co., 28 F. (2d) 497 
C.C.A. 8 (1928). 


Parking light for automobile—Gross 
v. Norris, 26 F. (2d) 898, C.C.A. 4 
(1928). 

Lens for stop signal—Protex Signal 
Co., v. Feninger, 11 F. (2d) 43, C.C.A, 
6 (1926). 


Arm for lighting fixtures—Shapiro 
& Aronson v. Franklin Brass Foundry, 
272 Fed. 176, D.C.E.D. Pa. (1921). 
Thus, ‘attractiveness’ or ‘“orna- 
mental value” are not esoteric things, 
the presence or absence of which is 
to be decided by experts. The ques- 
tion of attractiveness is decided by 
the one most likely to be attracted, 
namely—the ordinary purchaser. 


Designs Must Be Specifically Applied 


A design is patentable only if ap- 
plied to a manufactured article. This 
application of the design to a specific 
object can be considered the equival- 
ent of “reduction in 
mechanical Accordingly, 
a mere abstract picture is not patent- 
able as a design per se. Such a pic- 
ture may, however, be protected by a 
copyright. Similarly, an identifying 
mark which does not appreciably alter 
the overall appearance but is merely 
used to identify the source of the 
goods is usually not patentable as a 
design but may be registerable as a 
trademark. 


to practice” 
inventions. 


A patented design may 
in some instances operate as a trade- 
mark in that it identifies the source 
of goods to which it is applied. An 
outstanding example of this for many 
years was the characteristic shape of 
the Packard automobile radiator. 
Novelty in appearance’ brought 
about, for example, by the mere de- 
tails of construction, is not in itself 
enough to warrant the granting of 
a design patent. There must be an 
apparent, conscious effort by the de- 
signer to make the article more ar- 
tistic, More attractive, or more orna- 
mental. Without the appearance of 
such an effort, the design is considered 
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to be unpatentable for “lack of inven- 
tion.” The standards of the Patent 
Office in design cases have been con- 
siderably elevated of late by more 
frequent use of “lack of invention” 
as grounds for rejection. 

The Patent Office and the courts 
recognize three general classes of de- 
signs. These are: 


1. Designs involving ornamenta- 
tion, such as a grill design for a radio 
cabinet, a printed fabric, or the pat- 
tern in a hand grip on a gun stock. 

2. Designs which reside in shape 
or configuration of the article, such 
as kitchen utensil handles, machinery 
pedestals, tool handles, control han- 
dles and the like. 

3. Designs which combine these 
two features—that is, where both the 
surface ornamentation and the shape 
combine to produce the overall effect. 
An example of this class is the exte- 
rior handle for autobile door, 
which has a streamlined configura- 
tion plus surface ornamentation in 
the form of flow lines carrying out 
the motif expressed by the stream- 
lined shape. 


an 


The manufacturer of an article is 
primarily interested in the scope of 
protection provided by design patents 
covering one or more of these design 
classes. This means: Who can he sue 
for infringement of his patents? 
Again we must turn to court deci- 
sions in infringement cases. In this 
regard the Gorham vs. White deci- 
sion quoted previously has been closely 
followed. That is, if the ordinary 
purchaser (not the “expert’’) finds an 
article to be confusingly similar in 
appearance to a_ design-patented 
article, then the patent is infringed. 


If a design combining several 
old elements relies heavily on one of 
them for its “new overall appear- 


ance” and hence its patentability, then 
a design which omits this one im- 
portant feature does not infringe even 
though it may resemble many other 
elements of the patented design. This 
general rule was laid down in another 
landmark case, that of Smith v. Whit- 
man Saddle Co. (148 U.S. 674). 


Protecting a Line of Products 

How can a manufacturer protect 
a complete line of products differing 
in size and possibly in shape, but all 


of the same general class, and ex- 
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When the shape of a part of a product is patented, it is shown alone, or the non-patented part is drawn in dotted lines. 


pressing the same design motif? Ex- 
amples of such “‘lines” are: 

1. Hand tools having various sizes 
and shapes of work head, but having 
the same general shape of handles. 

2. Silverware, such as knives, forks 
and spoons, all with the same type of 
handle. 

3. Kitchen utensils having the 
same surface pattern but varying 
widely in size and shape. 

4. Containers for cosmetics and 
other products which may be of 
various shapes and sizes best adapted 
for the material they contain but 
which express the same ornamental 
design. 

5. Pedestals for machine tools. 

6. Housings for certain types of 
meters and gauges such as flow meters, 
pressure gauges and thermometers. 
7. Glass envelopes for various types 
of electronic tubes. 

It would be extremely unfair to 
require the inventor or industrial 
designer to take out forty-eight sepa- 
rate design patents to protect a forty- 
eight piece set of wrenches. Yet if 
the rule stated earlier were strictly 
applied, a design patent on a 5% in. 
end wrench would not prevent another 
manufacturer from applying the new 
design, for example, to a 1 in. box 
wrench, since these two articles are 
not likely to be considered “‘confus- 
ingly similar.” 
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The answer to this apparent di- 
lemma is that the patent does not 
protect the article itself, but the de- 
sign as applied to the article. The 
design patentee is entitled to protec- 
tion not only on the particular article 
he selects to illustrate his new design 
for the purpose of receiving a patent, 
but on all similar articles, providing 
the mode of applying the design is 
always essentially the same. For this 
reason, the claims of many design pat- 
ents read “I claim the new and orna- 
mental design for a ———-—————— or 
similar article. . . .’ The scope of 
such a patent is left in the hands of 
the Courts, which must decide whether 
an allegedly infringing design is ap- 
plied to a “‘similar article” to that 
patented. As an example, a patent 
on the hand grip pattern on the gun 
stock mentioned previously might be 
infringed by the same design on a 
pistol grip electric drill. The radio 
grill design, if patented, might be in- 
fringed by a similar grill on a ven- 
tilator. 

While surface ornamentation de- 
signs have considerable scope, the sec- 
ond and third classes listed—those in- 
volving shape or configuration or a 
combination of shape and surface pat- 
tern—attord somewhat less _protec- 
tion if patented. One exception to 
this statement can be found in the 
large number of design patents 
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granted on silverware. Frequently 
the shape of the handle is shown in 
full line in the patent drawing 
while the functional part, such as 
the bowl of a spoon is shown in 
dotted lines to indicate that the new 
design resides in the shape of the 
handle and is thus applicable to var- 
ious implements. Occasionally a de- 
sign patent covers the design of a 
portion of an article (Fig. 5), such 
as a handle, which is shown entirely 
removed from the article. 


Appearance Protection Important 


The proper method of protecting a 
new industrial design can only be 
arrived at after careful considera- 
tion. The greatest value of a prod- 
uct in the “consumer goods” class 
usually lies not in its mechanical con 
struction, which may be old, but in 
its appearance. Consequently, con- 
siderable expense is warranted in 
preserving the exclusive right to use 
this design and in getting protection 
before the production goes on the 
market. 

Protection begins only when the 
patent issues. Even though the 
Patent Office is at present behind in 
its work, it is wiser to wait for a 
patent than it is to disclose a new 
design, and run the risk of con 
petitors copying it. 











Fig. 1—Typical sprocket type conveyor with torque control. 


Applying 
Electrified Drives 
To Conveyors 


SIDNEY REIBEL 
Consultant 
Albert Kahn Associated Architects and Engineers, Inc. 


Problems in applying sprocket and caterpillar 
drives to trolley conveyors for industrial ma- 
chines or processes are explained and dis- 
cussed. Constant and variable speed drives, 
three types of protective systems, multiple 
power units, direct current drives, and other 


data are included in the presentation. 


THE electrified unit driving a trolley 


ee, | 


Allowable chain pull varies with sprocket diameter. 
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Fig. 3—Constant speed unit is simplest type sprocket drive. 
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Taylor and Gaskin, Inc. 
Fig. 6—Vertical caterpillar unit designed for special drive. 


SPROCKET Drives. A sprocket drive 


conveyor for an industrial machine 
or process preferably is located on a 
hs eee “ a  - 

high run, preceding a “down” dip, 
so the weight of the chain, trolleys, 
and carriers pulls the slack in the 
The part 
of the machine or building support- 


chain away from the unit. 
ing the drive must sustain both the 


chain pull and the conveyor weight. 
Because head room usually is limited 
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narrow to fit available space. 
There are no general standards 
for trolley conveyor drives although 
the two general types are: Type S 
or sprocket drives; and Type C, or 
caterpillar drives. As shown in Figs. 
1 and 2, the general arrangement of 
the drive machinery is the same for 
both types, but they engage the con- 
veyor chain by quite different means. 


is placed at a 90 or 180 deg. corner 
turn, and the conveyor chain wrapped 
around the sprocket. The drive is 
rated for chain pull at the head 
Ratings usually are on the 
basis of the commonly used 36 in. 
Since 
these drives have a constant torque 
rating, the allowable chain pull for 
other than 36 in. sprockets is in- 


sprocket. 


pitch diameter drive sprocket. 
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Fig. 2—Typical caterpillar ‘floating’ drive. 


Caterpillar drives are not limited by relative location nor angle of horizontal turns 
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Mechanical Handling Systems 
Fig. 5—Full variable drive provides speed range of 10 to 1. 









o 2 


° 








Driven chan, ie HH 


oO Tai! sprocket 


O)(o o)(0 o)(0 O)(0 o)(0o o)(0 o)(0 O)(0 o)(0 o)j)(o O 




















CT ee AE ign A a le Bal! bearing ro/slers 
— 


50) CIS ISDS ODCS.9) COG 
DY © of 


Cold rolled stee/- 2 S 
back-up bar 


Take-up bar, 





Drive sprocket ° 
° 











Link-Belt Co. 
Fig. 7—Caterpillar drive as booster. 





versely proportional to the pitch percent. 


Fig. 8—Details of caterpillar assembly showing how it drives conveyor chain. 
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the respective drives. 

For example, the maximum allow- 
able chain pull for a 48-in. sprocket 
is 36/48 or three-fourths that for a 
36 in. sprocket. But when smaller 
sprocket is used with the same drive, 
the chain pull may be too great for 
the strength of the drive shaft. For 
example, a 12 in. sprocket would 
increase the allowable chain pull 300 


diameters of 
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The different views in Figs. 
3, 4, and 5 compare the basic types of 
sprocket drives. 


CATERPILLAR Drives. The cater- 
pillar drive uses a short loop of aux- 
iliary drive alongside and parallel to 
the conveyor chain, and is placed on 
any straight run of conveyor, as 
shown in Figs. 6, 7, and 8. Driving 


dogs on the caterpillar chain engage 
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and drive the conveyor chain. Back up 
bars or rollers on the caterpillar side, 
and rollers on the driven chain side, 
hold the two chains close together. 
Caterpillar 
chain pull only, 


for 
since only one size 
of drive sprocket is 


drives are rated 


used for each 
type of conveyor chain. 
Advantages ot 


include: 
1. ‘They 


caterpillar drives 
can be placed in the best 
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lacation to take the chain pull load, 
such as middle of a straight run. 

2. When multiple drives are used, 
the total chain pull can be more 
evenly divided. 

3. If load conditions change or 
if the conveyor is altered, the drive 
is easier to move and relocate with- 


out changing the existing conveyor. . 


4. When chain pull exceeds 2,000 
lb., the drive usually is less expensive 
than a sprocket drive because of the 
lower torque requirements. 

5. A caterpillar drive can be re- 
used on any conveyor, regardless of 
the radius or angle of horizontal 
turns. With a sprocket drive, the 
maximum radius of the turns is 
limited by the maximum diameter of 
sprocket obtainable and by the torque 
rating of the sprocket drive. 


Constant and Variable Speeds 


Both sprocket and_ caterpillar 
drives use the same three basic types 
of drive mechanisms: (1) Constant 
speed, (2) vari-pulley, and (3) 
“full” variable. 


CoNnsTANT SPEED. Constant speed 
drives often use a V-belt or silent 
chain from tke motor to drive a 
vertical worm gear reducer. The 
output shaft of the reducer some- 
times has the conveyor sprocket 
mounted directly on it. More often 
the output shaft is connected by a 
spur gear reduction to a drive shaft, 
usually with anti-friction bearings, 
on which the conveyor sprocket is 
mounted. This sprocket can be 
either the direct sprocket drive, or 
the drive sprocket of a caterpillar 
chain drive. 


Vari-Puttey. A vari-pulley drive 
unit has the same basic arrangement 
as the constant speed unit except 
that some type of variable pulley unit 
is substituted for V-belt or chain 
drive that connects the motor to the 
reducer. The ratio between max- 
imum and minimum speeds for motors 
up to 5 hp., 1,740 r.p.m. is about 3 
to 1. For drives requiring more 
than 5 hp. it is better to use the full 
variable drive unit. 


FuLt VARIABLE. For drives requir- 
ing a speed range of 10 to 1 or more, 
a variable speed transmission unit 
should be used between the motor 
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and reducer. The motor usually is 
connected to the unit by a V-belt or 
silent chain and from the transmis- 
sion to the reducer by a silent or 
roller chain. The silent chain will 
be quieter at high speeds, which may 
be as much as 1,300 r.p.m. 


Gears. Final gear reduction usually 
are used between the speed reducer 
and the conveyor drive shaft, al- 
though one design uses a roller chain. 

Gear reduction units should use 
cut steel spur gears, with the pinion 
heat treated for long wear. Since 
they run at extremely slow speeds, 
the gearing usually is open. ‘There 
is a tendency to inclose these gears 
and run them in oil. One design 
uses standard drives with inclosed 
gears, and another eliminates the 
gear unit by using high ratio com- 
bination worm gear reducers with 
the drive sprocket mounted on the 
extended reducer shaft. 

Fabricated steel frames are used 
to mount the drive machinery, and 
to support the conveyor track. 


SPEEDS. Speeds can be obtained from 
a fraction of an inch per minute up 
to 50 r.p.m., or even faster. Drives 
fcr extremely low or extremely high 
speeds, and for exceptionally high 
chain pulls should be specially de- 
signed. Standard designs usually 
can meet other requirements. 

Drive ratings should be selected on 
the basis of carrying 100 percent 
momentary overloads without dam- 
age to the drives. 


Overload Devices 


All drives require some form of 
mechanical protection for the drive 
and the conveyor in event of an over- 
load or a jam in the line. The elec- 
trical overload device in the motor 
circuit will not protect the drive 
because most drives use Oversize mo- 
tors. Overload devices that satis- 
factorily protect conveyor drives in- 
clude: (1) The shear flange, or shear 
sprocket, that connects the final drive 
shaft and sprocket; (2) the “float- 
ing drive” cut-out; (3) the “torque 
control” unit; and (4) the overload 
limit switch. 


SHEAR SPROCKET. Consisting of two 
halves, the sprocket-half is not key- 
seated and is free to turn on the 
driving shaft while the driving flange- 


half is keyed and set screwed to the 
shaft. The driving force is trans- 
mitted to the sprocket from the driv- 
ing flange by a single shear pin carried 
in a pair of hardened steel bushings. 

Shear pins are made of cold rolled 
steel with a shearing strength of 50,- 
000 p.s.i., and are necked down in 
the shearing plane to the correct 
diameter. Table I shows the shear- 
ing strength for different neck diame- 
ters. 

The shear sprocket is the oldest 
and most commonly used overload 
device, but is has many disadvantages. 
It takes time and it is inconvenient 
to replace a broken pin, which some- 
times is jammed or rusted in. When 
overloads occur frequently, the ten- 
dency is to use pins not properly 
necked down, or alloy steel pins or 
bolts, thus making the device useless. 


The sprocket half may rust fast 
to the shaft. This often occurs with 
steel sprockets unless a bronze bush- 
ing is used in the bore. After a 
shear pin breaks, since the motor 
continues to run until stopped man- 
ually, even freely turning sprockets 
may gall the shaft since the turning 
parts are not lubricated. 

A type of shear hub that stops the 
motor, but still requires replacement 
of the shear pin, is shown in Fig. 9. 
When a shear pin breaks, the balls 
push the circuit -breaker ring to the 
dotted position, which actuates the 
limit switch and this stops the motor. 
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Fig. 9—Failure of shear pin operates 
limit switch, thereby stopping drive. 


Propuct ENcIneEerinc — Octoser, 1947 














me 


ites 
ive. 


947 













































































Vat 
Lever aie OU 
aperates ,Mofor 
Switch, 
‘ A st B 
Limit ' 
switch, D Oo ! 
: \ / 
\ . 
Arent naterat ata tf EGE . o ho : 
Peg | CCUM a RUE “Cc irri “4 hf 
Ie ete = == at - - =~ ---- = == fee eer erat — ip — — — — — — —— — oe ee 
ae 4 i ® 
Spring } ; 
“Fixed base Shading 
ae a4 oe > 
—e Le t Driven 
i SOL 1 ee sprocket 














Jervie B. Webb Co 


Fig. 10—Schematic of floating drive showing relation of fixed and sliding bases and operating elements. 


FLoatinc Drive. The float‘ng cat- 
erpillar drive is built in a frame that 
is free to slide on four bronze shoes 
in a fixed secondary frame that is 
attached to the conveyor track. The 
driving effort is resisted by coil com- 
pression springs that in event of over- 
load let the sliding frame operate 
a limit switch to stop the motor. 
After the cause of overload is cor- 
rected the unit immediately is ready 
to go back into service. The chain 
pull required to stop the motor is 
adjustable. No shear pin is re- 
quired. Floating type sprocket drives 
are arranged so the spring will resist 
rotation. 

When variable speed units are used 
with balancing speed control, this 
drive can be used to couple two or 
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Fig. 11—The load on this conveyor is limited by torque control. 


more drive units to one strand of 
conveyor chain. 

As shown in Fig. 10 the control 
consists of a gear pinion B keyed to 
the adjusting shaft E of the variable 
speed transmission and rotated by a 
gear segment 4 pivoted on a bracket 
mounted on the transmisson frame 
with an operating lever C of adjust- 
able length. ‘This operating lever 
is connected, by means of a rod D, 
to the fixed frame of the drive unit. 
When the drive takes more than a 
preset load, the sliding frame moves 
back against the springs producing 
a rotation in the gear pinion that 
automat'cally reduces the speed. 
Conversely, when the unit takes less 
than its load, the frame moves for- 
ward and increases the speed of the 


ldler positions 
contro! roa 


Load changes 
degree of s/ack 


Sprocket 


ff 


Lali sun Cu. py. 
Pull on chain 
actuates control; system can be used on either sprocket or caterpillar drive. 
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drive. Thus on a with 
multiple drives, all of them will auto 
matical!y maintain their proper pro- 
portion of the total driving effort 
regardless of factors 
as load conditions or length of chain 
within the. limits of movement of 
lever arm C. Limit switches can be 
inter-connected so any overload will 
stop all drives but signals show which 


conveyor 


variable such 


drive in‘tiated the stoppage. 

Mechanical or electrical controls 
substituted for the hand 
wheels at E, so that speeds on all 
drives On a conveyor can be regu- 


lated together from a central point. 


ToreveE Controt. The overload 
and speed control device shown in 
Fig. 11 can be used on both sprocket 
and caterpillar drives. A weighted 
arm causes a slight bend in the final 
drive chain. Variations in chain 
pull moves an arm that operates the 
speed control. When a overload 
occurs, a limit switch stops the motor. 
The drive is ready for use again as 
soon as the overload is removed. 

This device can be used to regu- 
late and equalize the speeds of each 
drive of a multiple drive conveyor. 
It also can be used on constant speed 
drives as an overload device only, 
by adjusting the position of the coun- 
terweight. 


can be 


OverLoap Cut-Out. The overload 
cut-out is a torque control that works 
on the high speed side of a drive. 

On overload, the cut-out operates 
a limit switch that stops the motor. 
When the motor stops, the cut-out 
resets itself and is ready to run when 
the motor is started. 

The cut-out is designed for a pre- 
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Fig. 12—Matching the speed of multiple drive units is complicated because equal lengths of chain have an unequa! 


number of pitches. 


determined torque, but can be ad- 
justed for other torque requirements. 
It should be used on the high speed 
shaft of a speed reducer where the 
torque is constant, and not on the 
constant speed side of a_ variable 
speed drive where the torque varies 
with load conditions. 

With the floating drive, torque- 
control or overload cut-out, if the 
drive is started before the overload 
is removed, the motor will continue 
to stop until the overload is re- 
moved. The limit switch also can 
be used to ring an alarm, turn on a 
light, or stop other motors. 


Multiple Drives 


When the chain pull of a con- 
veyor is too great for a single drive, 
two or more drives can be used. 
For example, one conveyor, 11,000 
ft. long, uses 14 drives at a constant 
speed. Another, 8,500 ft. long, uses 
5 drives with variable speed. When 
a conveyor is lengthened additional 
drives can be added. 

The problem of matching drive 
speeds is complicated, even for con- 
stant speed. No two strands of chain 
of equal length will have exactly the 
same number of pitches. A _ 1,000 
ft. strand of 458 chain may have 
2,970 pitches and the next 1,000 ft. 
will have only 2,950 pitches. The 
same length must pass each drive 
at the same time. The drive sprock- 
ets (whether for sprocket or cater- 
pillar drives) have equal numbers 
of teeth and advance equal numbers 
of chain pitches per revolution. Also, 
motors do not run at exactly the 
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same speeds, even when load condi- 
tions are identical, and loading is 
always a variable factor. For ex- 
ample, as shown in Fig. 12, the con- 
veyor has four drives, each powering 
1,500 ft. of conveyor. 
instant: 


At a given 


Chain length A 
Chain length B 
Chain lengthC = 
Chain length D = 


The drive 


1,500 ft. = 4,450 pitches 
1,500 ft. = 4,400 pitches 
1,500 ft. = 4,460 pitches 
1,500 ft. = 4,420 pitches 
sprockets of all drives 
advance the chain 10 pitches per 
revolution. Table II shows the 
revolutions each sprocket must turn 
for each length of chain to pass a 
drive. 

Thus, each drive turns a different 
number of revolutions for each length 
of chain, and during any time inter- 
val the drives are revolving at differ- 





Table I—Strength of Typical C.R.S. 


Shear Pins 





(Based on shear strength of 50,000 Ib. 








per sq. in.) 

Neck Shearing 
Dia., in. Strength, lb. 
3/16 1,380 
1/4 2,455 
5/16 3835 
3/8 5, 525 
7/16 7,515 
1/2 9,820 
9/16 12,425 
5/8 15,340 
11/16 18,560 
3/4 22,090 
13/16 25,925 
7/8 | 30,065 
15/16 34,515 
1.0 39,270 








Fig. 13—A take-up system operated by accumulated chain slack can be used to equalize the load. 


ent rates. By continuous 
“hunting” the drives keep in proper 
relationship and do not tighten o1 
loosen the 


pull. 


varying 


they 
In practice, the drives should 
be spaced for equal chain pull as 
nearly as possible instead of equal 
conveyor length. 


sections of chain 


MULTIPLE 
For constant speed drives, 


CONSTANT SPEED 


DRIVES. 


high slip squirrel-cage motors are 
used. ‘These slow down under heavy 


loads or tight chains, and speed up 
under light 
For a large number of drives it is 
advisable to use low chain pulls and 
light motor loads to allow the max- 
imum amount of slip in the motors. 


loads cor loose chains. 


Another method is to use standard 
squirrel cage motors with hydraulic 
couplings. more expen- 
sive than high slip motors and _ re- 


These are 


quire more space. 


VARIABLE SPEED MULTIPLE 
Drives. The floating drive and the 
torque-control drive can be used for 
multiple drive installations for ad- 
justable speed. Where the speed is 
controlled manually, a change at one 
drive will automatically change the 
speed at the other drives within the 
range of the arm control. Beyond 
that limit, the drives must be ad- 
justed individually. With mechan- 
ical or electric operation of the speed 
adjustment, the speed can be varied 
over the entire range from a single 


point. 
Other types used for variable 
speed multiple drives include the 


differential power drive, differential 
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control drive, and the take-up con- 
trol system. The differential power 
drive is seldom used, as other types 
are less expensive and easier to build. 

The differential power drives must 
be located close enough to each other 
to be driven by a single motor drive 
unit, and to divide the load equally. 
The differential works like that in 
an auto axle transmission and is a 
heavy duty, high torque type. 

The differential control drive also 
is seldom used. It requires the drives 
to be located close together and can 
be used for only two drives. 

Take up control is used with dual 
drives. When the main drive speeds 
up or slows down under load, or if 
its speed is changed, the slack accumu- 
lated in the conveyor chain causes the 
take-up to move, which changes the 
speed. 

The take-up must be installed at 
the synchronized drive. though it may 
not be required otherwise. A take-up 


at the main drive is optional. 


Motor Drives 


Alternating current, polyphase mo- 
tors cannot be used where the speed 
of the motors must be varied grad- 
ually over a considerable range, and 
when once adjusted, will remain 
practically unaffected by variations 
in loads. Adjustable speed motors 
and control, with inherently stable 
speed characteristics are used for 
multiple drives. Since the power 
supply in most plants is alternating 





Table !i—Relative Sprocket Revolutions for 4-Drive Conveyor 























, ae = a 
Seer Ist Phase 2nd Phase 3rd Phase | 4th Phase 

rive 

Chain Rev. Chain Rev. Chain Rev. Chain Rev. 

1 A 445 D 442 Cc 446 B 440 

2 B 440 A 445 D 442 e 446 

K c 446 B 440 A 445 A 442 

4 D 442 S 446 B 440 A 445 








current, it must be converted to direct 
current by a rectifier or motor gen- 
erator unit. 

Adjustable d.c. control systems 
convert alternating current to direct 
current for powering special con- 
veyor motors with proper character- 
istics to maintain speed and_ load 
sharing synchronization. 

The entire conversion unit, which 
may be electronic or rotating, with 
all necessary controls, can be mounted 
in a single cabinet. Start and stop 
operations are interlocked so that all 
motors function as one, and speed 
setting of the entire conveyor is ob- 
tained from a separately mounted 
rheostat conveniently located. 

Often a _ central control panel 
shows individual motor loads for 
closer synchronization of the entire 
conveyor drive. An ammeter for 
each motor shows the motor’s per- 
formance, and a _ vernier rheostat 
provides precise adjustment. Calibrat- 
ing resistors carrying armature cur- 
rent establish equal terminal voltage 


at each motor when the drive is 





started up and are usually mounted 
in the rear of the panel. Other 
devices on the panel include a volt- 
meter for exciter and generator volt- 
ages, a push button station and main 
speed setting rheostat. Features of 
a d.c. drive include: (1) A wide 
speed range of infinite steps; (2) per- 
fect paralleling of the conveyor mo- 
tors over the entire speed and load 
ranges; (3) elimination of mechan- 
ical speed changers and simplification 
of the drive machinery; (4) a smooth, 
cushioned, and gradual start, and 
dynamic braking for stopping; (5) 
synchronized central control from 
one station, with separate control 
and visual indication of each motor’s 
performance, and change of speeds 
over the entire range while the con- 
veyor is in motion. 

Direct curent multiple drives re- 
quire power wiring from the con- 
version unit to each motor. This 
cost, added to that of the conversion 
unit and the relatively expensive d.c. 
motors, make this drive cost more 
than the mechanical speed control. 


Iron Used in Electron Tube Components 


PURE DEGASSED IRON can effectively 
replace molybdenum and nickel in the 
construction of electrodes, getters, and 
other metallic parts of electron tubes, 
according to a Japanese research docu- 
ment included in a report now on sale 
by the Office of Technical Services, 
Department of Commerce. The re- 
port, prepared by Major Wilhelm 
Jorgensen for the U. S. Naval Tech- 
nical Mission to Japan, consists of five 
studies by leading Japanese experts in 
electronics. 

Shortages of nickel and molyb 
denum during the war compelled 
Japanese engineers to investigate the 
use of iron for vacuum tube parts. 
They discovered that iron, when freed 


of occluded gases, possessed the dura- 
bility and the electron emission char- 
acteristics comparable to those of mo- 
lybdenum and nickel. However, the 
production process was more tedious 
and costly. 

The raw material for the iron used 
in electron tubes was iron sand. The 
sand was reduced in an electric arc 
furnace and the iron metal drawn off. 
The metal was then melted in a high 
frequency electric induction furnace 
and deoxidized with silicon and alu- 
minum. As a result of this treatment 
the iron contained less than 0.02 per- 
cent of oxygen—the most harmful of 
the occluded gases—and therefore be- 
came a suitable construction material 
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for small electron receiving tubes. 
However, large power tubes required 
iron with an even 
content. To obtain purity, 
the iron after deoxidation with sili- 
con and aluminum was heated in a 
stream of hydrogen at 1,100 degrees 
centigrade for two hours. The final 
oxygen content was less than 0.004 
percent. 

Orders for the report (PB-49839; 
“Japanese Electronic Tubes”; photo 
stat, $3; microfilm, $1) should be ad- 
dressed to the Office of Technical 
Services, Department of Commerce, 
Washington 25, D. C., and should 
be accompanied by check payable to 
the Treasurer of the United States. 


lower oxygen 


such 
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PR O DUCT 


Smaller 
Compressor 
Increases 
Refrigerator 
Capacity 


A stator frame that houses 
the compressor and a more 


compact motor winding are 


REDTSIGN objectives were 
to reduce the number of 
space in the redesigned 1947 models and to obtain more stor- 
General Electric refrigerator. age volume in a given cabinet 
space. Icemaking capacity is in- 
creased 30 percent, while oper- 
ating cost is reduced 15 percent. 


combined to increase usable 


Valves 


ee ns 
wa a 
ie 
ree 









oem 


Piston 


Wrist pin = 


Wrist pin 
takeup device 
Oil pressure 
regulator 


Floating 
self aligning 
bearing 


Oi! pump 





Oi! intake 


COMPRESSOR has been designed for a 25-year service life. Reduc- 

tion of wear is the principal objective. The scotch yoke piston 
drive has been replaced by a connecting rod-wrist pin linkage, with 
a piston pin takeup device that prevents push-pull play of the pin. 
Bearing opposite motor end is self aligning so that there is no 
binding under load. The “duck-billed” oil intake picks up a smooth 
layer of oil, without cavitation. 


90 

















FREON 12 replaces sulphur dioxide as the 

refrigerant. This is done for safety and to en- 
able use of plastic insulated wire. The Formex 
insulation occupies less space and is more dur- 
able than cotton insu'ation. Under accelerated 
life test the motor durability has been increased 
from 30 days to 480 days without failure. 











This surface 
convex-curved for 
self alignment 


Connecting rod 
Key or pin 


Wedge to hold 

wrist pin key 

Wrist in place 
7 

pin 


SPRING-LOADED WEDGE and locking pin 

prevent backlash between rod and wrist 
pin, and prevent wrist pin rotation in the rod. 
Rotation between rod and piston must then 
take place in the oversize bushed end bear- 
ings. Connecting rod bearing surfaces are 
convex to allow freedom of alignment. 
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COMPRESSED VAPOR is 
3 cooled by natural draft over 
the welded steel condenser. 
The liquid refrigerant evapo- 
rates in channels in the walls 
and shelves of the stainless 
steel freezing compartment. 





Single knob 
Refrigerant control 
channels 


Capillary tube 





Stee/ Copper suction sine 
condenser from freezer 
to compressor 


FUSED-IN-GLASS wire leads to 

the motor are leak proof. Starting 
relay automatically connects’ the 
starting winding in parallel with the 
running winding of the motor, cut- 
ting out the former when motor 
comes up to running speed. 


G N S 


Intake and Motor wind IGS 
exhaust mufflers 







Starting relay 
ang automatic 
rese? overload 


‘ 


Compressor 





Oi! pressure 


Frarne nounted oo 


regulator 

on rubber bumpers 
Ov! intake 2f each end 
Rotary oi! pump -Alurninum roter 


BELL SHAPES on ends of compressor: 
5 motor housing ride in rubber bumpers 
that protect the unit in shipment and re- 
duce vibration transmission in use. The 
relay has an automatic reset overload de- 
vice to protect the motor from over or 
under voltage, or overload conditions. 





MUFFLE BOX surface is crowned so 

that when edges are bolted tightly, the 
interior seal must be complete. 
valve formerly had a center flapper. 
Design was changed to avoid failure 
through stress concentrations at arm 
Junction with inner circumference. 


Propuct ENGINEERING — OcToser, 1947 


FORMERLY the motor-compressor assembly was spring-mounted in 
an outer housing. Now the stator case is extended to include the com- 
Intake pressor. Improved magnetic steel saves % in. of motor stackings. This 
total space saving enables the new 8 cu. ft. model to be built with exterior 
dimensions of former 6 cu. ft. model. Steel cooling fins on the housing 
have thin plastic rims, not shown, that deaden vibration. End caps are 
thicker to reduce vibration of the unit when in operation. 
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Manifolding Provides 
A Compact Hydraulic 
Control Panel 


Hydraulic circuits can be simplified and combined 
into a design as unified as that of an electrical con- 
trol panel. An example is on the Model 51 Auto- 
matic Abrasive Cutoff Machine, built by Bridgeport 
Safety Emery Wheel Co., Bridgeport, Conn. Instead 
of random placement of valves with correspondingly 
long connecting lines, all valves are mounted on a 
single control panel fixed on the side of the oil reser- 
voir. In this hydraulic system redesign by E. Lomazzo 
& Associates, many feet of piping are saved, and 
maintenance is simplified. The panel is on a versatile, 
high production, abrasive cutoff machine. 





all-hydraulic, 

machine will cut up to 3 in. thick material. 
can be nested for high production cuts. 
cuts can be selected up to 12 inches. 
provided for by a special cylinder with longer piston travel. 


chopper-type head 
Thin material 
Length between 
Longer cuts can be 


1 THIS AUTOMATIC, 

















<-Abrasive whee/ 


Gripping cylinder 


















































4l/ valve 


aasket 1% tod 























TO OBTAIN a simple hydraulic circuit design, the se- 
quence valves are assembled on a single control panel 
with the 4-way valves adjacent on the same panel. Circuit 
lines come off the rear of the panel, over the oil reservoir so 
any leakage will drip into the tank. This construction 


Q? 


= 


saves piping, makes maintenance easier and reduces oil 
loss. Assembly is much simplified because control lines 
do not run off the panel to various parts of the machin¢ 
requiring laborious fitting. For further ease of mainte 
nance the cylinder lines are run into manifolds, so that 
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System Operation 





Pressure through 4-way valve A 
and line 1 to feed clamp cylinder 
operates the clamp fixture to grip the 
stock. Pressure in line 1 operates 
sequence valve W so line 2 can oper- 
ate vise cylinder. This releases end 
of stock and piece cut off in preced- 
ing cycle. Vise opening energizes 
solenoid S-3. Pressure through line 
3 feeds stock to cut-off position in the 
vise. At end of feed stroke, solenoid 
S-2 is energized, reversing 4-way 
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—_ ptr Serer eee er valve A. Two circuits then operate. 
2 he Seed , ew In the primary, pressure through 
= 4 clamp cylinde lines 4 and 5 clamp the work for cut- 
bore, lin. stroke + 
t ( e ara Y and 4-way valve B feed the wheel 
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Is feed clamp cylinder by line 7 to re- 
tn allow pressure sh : “ke j risa eress “a j i > 
| i y= 3 a intisiliaalie kn cae sapaadadiatan valves allow pressure le ase stock in vise. Pressure in lin« 
\4)— No? « amping fixture to starting position bui/d up ' 7 operates valve Z so pressure 
I —-— Return whee! head | through line 8 turns the clamping 
ee ee een ee ee ee ee fixture. As the wheel contacts LS-4, 

fee Gee ee ee eee ee ee oe ee oe Ee ——E———————EE——E—E———E—EE————E— . . ° e 
solenoid S-4 is energized, reversing 
HYDRAULIC FEEDS and electrical controls provide for a completely auto- 4-way valve B to return the wheel 
matic cycle of feeding, clamping and cutoff. The system includes a motor head. On its return stroke the 
driven hydraulic pump, four hydraulic cylinders, a four way valve and suitable wheel head carrier operates switch 

control valves and switches. Operation of pilot valve blocks vent line from main LS-1, resetting A for next cycle. 


relief valve, allowing pressure to build up in the system. 
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Piping on this face projects 


through opening info oil / “2 
reservoir. Any leakage : 
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drains into tank 





Railroad Sound System 











THIS PROGRAM DISTRIBUTION SYSTEM has been de- 
ofl —— signed by Western Electric Co., Kearny, N. J. Two radio 
iad only short lines in simple shapes need be broken when input channels, each with pretuned station selectors, are 
hee servicing. For strength, the lines are run in a group and supplemented by two wire recorders, each furnishing three 
ee fastened together for mutal support. Bleed-off valves hours’ entertainment. Handset is for announcing stations 
hat control the rate of travel of the wheel head and feed stroke. and points of interest. Three output channels supply dif- 

Valves can be serviced by removing mounting screws. ferent programs to sections of the train. 
47 
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Floating Hub Absorbs Shocks 


A COILED STEEL SPRING provides resiliency between wheel rim and axle 
of this simple shock absorbing caster. The spring will support the load when 
hub is off center, thus allowing the wheel to remain in uneven ground. Knee 
action effect of these casters on airport cargo trailers has enabled speed in- 
crease from 15 to 25 mph and reduced caster breakage 75 percent. The floating 
hubs are made by the Bassick Co., Bridgeport, Conn. 
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Radial Piston 
Pump for 
Variable Speed 
Transmission 


This system uses a variable delivery, 
radially-rolling piston pump, driv- 
ing a constant displacement, radially- 
rolling piston motor with hydraulic 
servo-motor control. The power 
fluid provides lubrication. Constant 
mechanical rotation is converted 
into controlled, variable rotary mo- 
tion, with uniform acceleration from 
zero to maximum in either direction. 


Constant Displacement Motor Variable Delivery Pump 
Backup piston and spring — Equalizer piston 
High pressure relief plunger —— Ball Moveable stroke contro/ race 
\ bearing 


Cylinder a? . Flat 
Roller bearing t : 


Stroke is fixed 
Oi! seal 


\ 


\ 


Output drive NG pre 
shaft 2 \ y ; 
* c a 2 oe > a # 

ee H | - iz] eth 
abe “te e 


3 poo 














Snap ring _ 


for flat valve — \ 


Stroke control can be (1) manual, (2) hydraulic servo-motor lever, 
(3) hydraulic 2-speed, (4) 3-position electric rernote contro/ 


HYDRAULIC TRANSMISSION comprises gear pump, 

variable delivery radial piston input unit, constant dis- 
placement radial piston output unit, and a hydraulic control, 
Input unit has a drive shaft pressed into a cylinder having 
14 radial pistons, a movable stroke control race, and a 
roller bearing. Output unit is identical except instead of 
the control race, a roller bearing is fixed in maximum 
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stroke position. 


Roller bearing 
Radlial piston 


Gear pump unit 


Driven gear 


Input shaft 


| 
: 
it es \ 
be = 
; B % 








Gasket 


Driver gear 


Input cylinder 


Servo control unit is a manually operated 
spiral valve, which positions two opposed pistons that 
position the stroke control race. Two piston bores in input 
shaft are connected with each of seven axial holes. The 
fourteen piston bores in cylinder coincide with fourteen 
piston bores in drive shaft. The race can be operated 
by methods noted on diagram, including remote control 
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Constant displacement motor Neutral 


Max. delivery for 
reverse rotation 


Adjustable 
speed output 
shat? 













Variable delivery 
radial piston purnp 


Control lever for 
oirection and speed 
of output motor 


Max. delivery 


ae for forward 
rotation 


Constant 
speed input 
shaft 


THE SYSTEM TORQUE in in-lb is: starting, 125; run- trol by 3.4 turns of small graduated knob; (2) hydraulic 
1 ning, 90; peak, 135 for 10 percent of time. Motor input servo-motor lever control for stepless variation and 2-speed 
ranges from 2 to 3 hp, 1,750 rpm max; at normal torque, control for remote selection of preset speeds; and (4) elec- 
output speed is variable from 0 to 1,600 rpm either forward tric 3-position control for remote manual or automatic con- 
or reverse. Net transmission weight is 90 pounds. Different trol by pushbuttons or switches. The fluid power transmis- 
control systems for changing speed include: (1) Hand con- sion is built by the Oilgear Company, Milwaukee. 





eumemmn 4/95 pressure fo outputend 
eae Keturn from outputend High pressure 
ca Free exhaust.drain and suction relief valve 
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Note: Oi/ circuit shows transmission 


looking from output shaft end-max. speed 











GEAR PUMP maintains a 125 psi supercharging pressure on the system. 

Centrifugal force plus oil under pump pressure beneath each piston, forces 
pistons always to ride against inner surface of stroke control race. In neutral, 
stroke control race assembly is concentric with drive shaft. The pistons are at 
zero stroke and no oil is delivered by the input unit. Operating mechanism is 
inclosed in compact case; integral relief valves in fluid passages protect against 
overload conditions. Oil reservoir can be integral with machine or separate. 
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WITH STROKE CONTROL RACE 
in position shown, the input shaft 
and control race are not concentric. 
Thus, as each piston moves counter- 
clockwise through the lower arc, it 
gradually moves outward. Chamber 
beneath each piston fills with oil 
from output unit. Through the 
upper arc pistons gradually move 
inward. While passing through 
upper arc they discharge the oil 
through axial holes in the input shaft. 
The oil flows into output shaft 
axial holes that are passing over the 
upper crescent, and into the cham- 
bers beneath pistons that are in the 
upper are. Forces from this oil 
pressure cause cylinder and output 
drive shaft to rotate. As these pis- 
tons move below the horizontal cen- 
terline, they gradually move inward 
to discharge oil through axial holes 
in output shaft. Thus the oil passes 
successively from motor and back 
forming a closed cycle system of 
specified displacement. The stroke 
control race is shifted past center in 
opposite direction for reverse. 

As shown in the sketch of the hy 
draulic transmission, two flat valves 
are used to connect main fluid pas- 
sages between the pump and motor 
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Axial Air-Gap 
Reduces Space 
And Weight 

In Motor 


A radical departure from con- 
ventional motor design adapts 
this Fairbanks-Morse motor to 
flange mounting on gear units 
and direct-drive machines. The 
motors are about half the size 
and 70 percent of the weight of 


comparable standard models. 











oe 


OTHER ADVANTAGES are reduced overhang, simplicity of servicing and a 
cooler-running rotor. Minimum shaft and flange eccentricities and shaft and 
face runouts are achieved. The WR2 effect of the axial air gap motor is about 
three times that of a corresponding conventional motor, a helpful effect in reducing 
peak electrical loads on punch presses, pumps and similar mechanical units 











Impact Drive 
Mechanism 
Prevents 
Motor Overload 





























Y, The 4U Electric Hand Tool has 


a mechanism that permits the spin- 








Former Design Split Ball Bearing Design dle to stall while the motor con- 





tinues to run. After resistance to 





Split Ball Bearings Cut Assembly Time spindle rotation reaches a prede- 


, ‘ . ; , rmined amou owe h 
THE SPLIT BALL BEARING on Brown & Sharpe Automatic Screw Machines has °©!™ ed amount, power from the 
the outer race fractured. Surface irregularities serve as keys for maintaining exact motor is converted into rotary im- 


race alignment. Purpose is to avoid production delays while assembling bearings pacts. 
into sleeves. Other advantages: bearing shields do not maintain position through 
spring action and do not transmit pressure of chuck fork; if the bearing has to be 


Tool is manufactured by 
Ingersoll Rand Co., New York. 


replaced, there is no delay while reshipping to the bearing factory. The redesign of this 
bearing avoided a serious production bottleneck in the factory. 
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Axial 
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Stator- 

MAGNETIC LINES of force follow a path SUPPORTING MEMBER of stator also supports bearings on an 

parallel to the axis of rotation instead of the integral hollow cylindrical extension through center of coils. 
usual radial path. The principle is not new, but Inner race of rotor and bearing is stationary. This construction 
the construction embodied here has resulted enables the length of air gap to be controlled through axial measure- 
in a commercially practical motor design. ment of shaft length and rotor and stator facing dimensions. 





OPERATIONS such as drilling, sawing, wood boring, 


tapping, stud driving and masonry drilling can be per- 
formed without torque reaction to the operator. Turn- 


ing a knob on the end of the aluminum housing reverses 
2,000 rpm universal motor. Tool weighs 61% pounds. 
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Bal/ Mofror 


orive 
carr? 
Car shat? 


bal/ \ 





Harnrmrer 
case 


WHEN SPINDLE RESISTANCE is greater than spring 

pressure, spindle is stationary. Rotation of ball cam 
causes the balls to roll in the cam grooves, pulling the ham- 
mer back and compressing the spring. When hammer 
jaws pass spindle jaws, hammer is pushed forward. 
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Master 
Cams 

Control 
Cutters 


All six pins and cheeks 
in a crankshaft are ma- 
chined simultaneously in 
the Turn Miller, devel- 
oped by Gisholt Machine 
Co., Madison, Wis. The 
machine produces 25 
crankshafts in 48 min 
working time. Weight is 
more than 100,000 Ib. 
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EACH PIN has its cutter driven through worm gearing by an individual 25 hp motor. 
Four cutters move only in a vertical plane; the other two move horizontally, and 
also move sidewise to facilitate loading and unloading. The movement of the six 24 in. 
diameter cutters is controlled by a pair of master cams mounted rigidly to the two 
work spindles. Machine exemplifies careful design integration of different components. 
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Headstock drives the crank 


and master cam 
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BACKLASH is eliminated from the headstock drive by two 4 MASSIVE HUB and rings form an effective built-in 
3 adjustable worm gears placed diametrically opposite each 
other. The worm gears are connected directly by a gear train. smooth 
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flywheel for the spindle assembly, resulting in 
operation of the cutter on the workpiece 
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Each pin has its own _Vertical shales move on 
milling cutter and al/ six 6" dia. hardened way bars 
pins are milled simultaneously ~-----+ : : 

* —— ——— 4 5 tae Horizonta Hes first 
move sidewrse info position 
in line with outer pins 
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EACH CAM controls the movement of three cutters 
through a hydraulic system acting on the milling cutter 
slides. The hydraulically operated slides move in unison 
with the master cams to follow the crankpins around their 
orbit as the crankshaft is rotated around its main axis. 





p ‘ Horizontal shide with cutter 
Cutaw ay chuck ; . “Gg 





and motor 





Work SupporT Work support 
bracket on two main 


bearings 



























































Construction design features include headstock backlash 
eliminators, rigid work supports on center crankshaft 
bearings, and milling cutters supported on antifriction bear- 
ings with practically no overhang. Machine is of sturdy 
construction for accuracy and for withstanding high forces. 
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Spindle 
housing 


~~ Slide top 


A, Air Cooled Hydraulic Control Panel 














Cutter-~ A BUILT-IN FAN and duct system directs a flow of cooling air across 

the elements comprising the hydraulic control panel for this Barnesdril 

: No. 10 hydraulic unit with a 24 in. spindle travel. By dissipating heat 
FOR RIGIDITY and accuracy of cutting, at the relief valve and volume control mechanism where most of it is 
| bearings are placed at the end of the generated the cooling air is most effective. Fan forces air around the 


spindle as close to the cutter as practicable. different heat-producing elements in the inclosed hydraulic unit, as shown. 
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Gasometer = 
Increases ‘ 
Medical 
Instrument 
Safety 
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Insufflator was designed by Charles 






Mercury 


76 
manormerer iN eae ee eis ~ patient 


Pressure 
/ reducing valve 


Operating 
pressure 
15 /b. psi 
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Davies Associates, Product Engi- 

















neers, N. Y., to avoid possibility 

of error. Wi : i - Sof 

sietcane ith one control it sup ON FORMER INSUFFLATORS the physician had to hold pressure at 200 mm 
plies a fixed quantity of gas ata 1 of mercury while not letting over 100 cc of gas enter the patient by manipu- 


limited pressure. Pressures are re- lating four hand valves. As the bubble-ometer valve was opened, water was 


corded on a circular chart. 


forced down until it cleared the bell mouth. Gas would then escape to the 


delivery tube. By counting bubbles, the physician estimated the volume of gas 
that passed into the patient. Pressure was controlled by the hand valve. 









mmm. Hg. 
To outlet 


valve Open tubes 


7o 





Jo pressure reducing valve 


\am. Hg 


When button is pressed down 
gas flows into gasometer. 
While it is down 
high pressure gas cannot 
flow to outlet valve 


Closed tubes 











FOR SAFETY, the push-button charge valve is interlocked so that high 

pressure gas cannot flow to the patient while the gasometer is refilling. 
Two O-rings seal the outlet valve line from the storage cylinder-gasometer 
line whenever the button is pressed. A gas flow indicator gives visual indi 
cation of operation. A standard recording pressure gage shows variations in 
uterine pressure. These charts have value as records for clinical study. 
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NEW INSTRUMENT has many ad- 
vantages: Safe volume cannot be 
exceeded. Pressure is automatically 
limited, but can be increased by press- 
ing on piston. Single knob controls 
flow. Recharging is done while in use. 
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THE DAVIES INSUFFLATOR is built around a steel relief valve rod. As the outlet valve is opened and gas 
2 cylinder, 100 cc volume holding a piston weighted to flows to the patient, the piston descends with the lessened 
limit the pressure to 200 mm of mercury. When the charg- volume. If the Fallopian tubes are closed, the pressure 
ing valve button is pressed, gas from the storage tank fills will increase, but cannot exceed the pressure imposed by 
the cylinder and forces the piston to rise. Overcharging is the weight of the piston. Volume cannot exceed 100 cc 
prevented by a finger on the piston cover engaging the of gas. An 1800 psi CO, cartridge replaces the gas cylinder. 


Spaced Channels 
Form Nailable Flooring 





Nailable steel flooring, designed to cut maintenance 
costs for railway freight cars, trucks, and trailers 
and relieve the shortage of such hauling equip- 
ment, has been developed by the Great Lakes Steel 
Corporation, Detroit. The new flooring has steel 





channels between which nails can be driven. Nails. 
driven into grooves formed by parallel flanges of 





curved steel, are deformed and hold with about 
four times the strength as when driven into wood. 
Steel flooring will make a car usable for all types 

















of lading throughout car life, as nailing will not 
d- damage the floor in any way. The 8-in. wide chan- 





SPACE is left between channels for the nailing groove. 
be nels are laid across the width of the car and welded Grooves are filled with a self-sealing composition that pre 


ly ene vents loss of bulk freight, such as sand or grain. Greater 
to the underframes for strength an I, i : 

S- treng h and durability strength of the channels enables lighter underframes. Other 

Is advantages are increased resistance to impact, non-splintering, 

e. non-absorbancy of liquids and ease of cleaning. 
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Piston and Displacer 
Combined for Practical 
Hot Air Engine 


Of all the engine cycles ever conceived, the hot air engines 
have not been surpassed for their inherent efficiency, which 
is equal to that of the Carnot cycle. However, the low pres- 
sures of early hot air engines required unreasonable dimen- 
sions. Size, slow speeds and heat transfer problems resulted 
in abandonment of this prime mover. Scientists at Philips 
Physical Laboratory, Eindhoven, Holland, have produced 
hot air engines of a new design with ratings from 1/10 to 


several hundred horsepower for motor-generator sets. 
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THE OLD piston-and-displace. per cylinder is re- 

placed by an arrangement using one piston per 
cylinder. Heat transfer is improved by a new regen- 
erator. Efficiency is inte:mediate hetween that of 
diesel and gasoline engines. Power per unit dis- 
placement is greater than in internal combustion 
engines. This engine develops 15 hp at 3,000 rpm 
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Operating Cycle 
of the 
Philips Engine 


ATR IS HEATED in the engine from 100 
C to 650 C in a fraction of a second during 
every cycle. The regenerator supplies %4 
of this heat, which otherwise would have 
to come from the burner. 






Operation can he followed from the 
schematic. Compressed air is heated in 
the hot space; it expands and pushes pis- 
ton A. Flywheel action then drives the 
expanded hot air through the regenerator, 
where the heat is absorbed, into the cold 
space. Cold air is recompressed by piston 
B and displaced into the hot space. This 
air receives the stored heat as it passes 
through the regenerator. 


Meantime the heater, receiving heat 
from the burner, adds more heat energy 
to the air. Because combustion is external, 








fuel is completely burned and engine parts 
A THE PHILIPS ENGINE combines piston and displacer in such a ’ 7 i . 


manner that only one cylinder per piston is required. Heat transfer 
is improved by a new regenerator; a sponge-like fabric of fine metal wire, 
through which air must pass in transfer between the hot and cold 
spaces. Each time the hot air is expanded, heat is absorbed by the 


are cooler. There is no corrosion in the 
cylinder because temperatures are low 
and the air is clean The engine is quiet 
because there are no periodic explosions 


regenerator. When cold air is returned after compression, 95 percent 


of the stored heat is given to the air. 
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IN THE CLASSICAL DESIGN the flywheel 
2 carries the displacer down, forcing hot air 1816. 
into the cold space. Hot air then expands, 
iurcing piston up. Energy thus put into fly- 
wheel is more than eough to drive piston down, 
recompressing the air in cold space and forcing 


PRINCIPLE OF THE AIR ENGINE was conceived by Stirling in 
With each revolution a quantity of air, or other gas, is 
heated, expanded, cooled and compressed. About 1850 Ericson built 
a 300 hp hot air engine for our Navy. Speed was 10 rpm with four, 
14-ft dia pistons. The early engine shown deviates from the sche- 
matic in that the displacer in the top of the large cylinder is driven 


it back into hot space for reheating. by a balancing rod instead of another throw on the crankshaft. 
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PRESSURES go to 50 atm and temperatures to 650 C 
5 in Philips engines. A V-type engine is shown sche- 
matically. A counterweight has been added and the driving 

"kage 1s simplified and balanced. The system is inclosed, 

nd could be operated at elevated air pressure. The cooler 
operates on air or water to maintain the desired tempera- 
ture differential between hot and cold spaces. 
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Wobble plate ~~, 
TPIOCHAIUS ITI se 


\ 


Flywheel 


HOT SPACES are connected to cold spaces in series 
6 in the 4-cyl engine, shown with cover plate removed. 
Between cylinder block and flywheel, part of the wobble 
plate mechanism is visible. It transmits motions of the 
four horizontal pistons to the horizontal main shaft. The 
Philips develops high traction force at low speed, thus 
simplifying the gear requirement. 
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Pump Has 
Sliding 
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Chambers 








Unusual impeller design in the 


Megator self-priming pump gives 


THREE ECCENTRIC DISKS, integral with pump shaft, develop suction and 
pressure as they rotate within individual displacement chambers. The chambers 
placement without valves or are forced up and down by camming action of disks, thus alternately aligning 
metal-to-metal moving contact. chamber ports with intake and discharge openings. Unfailing self-priming is 

claimed. Developed by Megator Pumps & Compressors Ltd., Feltham, Middlesex, 
England, these pumps have been successful in coal mines handling large quantities 
of air and water in various proportions, often mixed with coal and stone dust. 


constant volume and positive dis- 





Exhaust ports 

















Shoe 
rreovernmert 


Suction ports 


Plastic shoe 


Intake 


Discharge 











4 THE ROTOR is made of nitrided steel with three inte- the shoe up, sealing off intake ports. Further rotatio1 
gral eccentric disks spaced 120 deg about the rotor axis. aligns shoe with discharge ports and then expels liquid from 
Downward motion of a disk lowers the shoe until intake the chamber into pump body, which is connected to the 
ports in the suction chamber are aligned with shoe ports. discharge lines. Suction chamber is formed betwee 
As the disk rotates, its horizontal outward motion causes inner and outer side covers. The ball bearings that support 
liqnid to be drawn into the shoe. Continued motion carries the pump shaft are located outside of the chamber. 
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REMOVABLE COVERPLATE permits pump inspection without breaking 
2 any pipe connections. Self-aligning ball bearings are located in separate 
brackets, away from the sealing glands. The Megator pump is made in sizes 
up to 100 gpm and for 65 psi working pressures. Capacity, varied by altering 
the speed, is approximately constant at any pressure within the working range. 
Flow is steady because of high frequency and small amplitude of stroke. Pump- 
ing pressure holds the shoes against the cover plate during operation. 





THE SHOES are rubber, stiffened 

by light alloy insert. Faces are 
phenol formaldehyde with asbestos 
filler bonded to the rubber. Delivery 
pressure closes the shoes on the rotor, 
thus automatically compensating for 
wear of the disks. 


ee 








Heavy Duty 





Military Truck 








Suspension 


German military vehicles exhibit 
some unusual constructions. This 
driving axle arrangement was used 





on a heavy reconaissance car. Ball 











joints and anti-friction bearings 


ONE of four driving and steering axles is shown in cross-section. The vehi- 


are widely applied. The spring seat 1 cle spring seat is swivel-mounted on the upper parallel arm. Ball thrust 


location is unconventional. 


bearings support a ball-joint mount for the stub axle. A unique type of bearing 


is used to support the wheel. The bearing is a combination ball and roller type. 
One row of balls is placed between two rows of rollers. Constant velocity 
universal joints are mounted on splines on each end of the axle drive shaft. 


) . -— 
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Important 
Considerations In 
Charpy and Izod 


Testing—I 


Cc. M. SCHWITTER* 


Formerly Major, Ordnance Department, 


Army of the United States, 


Watertown Arsenal, Watertown, Mass. 


The need for impact tests with a discus- 
sion of the Charpy and Izod types. 
Gives details of the various types of 
standard test specimens and the advan- 


tages of each. 


CHARPY AND IZOD tests, as well 
as various special impact tests, have 
tor many years been subject to in- 
vestigation by metallurgists, phys- 
icists and design engineers. Except in 
certain noteworthy fields, such as low 
temperature applications, the use of 
these tests in specifications has lagged 
behind technical knowledge, probably 
partly as a result of the difficulty of 
interpreting and applying impact test 
data to specific design applications. 
Since the striking velocity of the 
pendulum hammer used in the Charpy 
and Izod tests is of the order of 16 
ft. per sec., the adjectives “impact,” 
“shock” and “dynamic” give an in- 
accurate But, because 
are generally used to 
distingu sh such tests from the ‘‘static” 
or tensile tests, these phrases will be 


impression. 


these terms 


*The statements and opinions expressed are those 
if the author and do not necessarily refiect the 
views of the U. S. Army Ordnance Department 
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Discusses conditions 
necessary for accurate testing results. 








Tinius Olsen Testing 


Machine ¢ 


Fig. 1—Combination Charpy, Izod and Tension impact testing 


machine. The head element turns to desired shape hammer. 


used in their commonly accepted sense. 

Many types of tests have been em- 
ployed to measure the resistance of 
materials to impact. Aerial bomb 
bodies, carrying a dummy charge, have 
been tested by dropping them from 
an airplance upon concrete, armor or 
bed rock. This type of test gives good 
results because it duplicates service 
conditions, but because it is destruc- 
tive, it is wasteful of material. A 
variant of this test is one wherein a 
known weight is dropped on the fab- 
ricated part undergoing test. Inter- 
pretation of this test is less direct, and 
again the part is damaged. 

An example of a dynamic test on 
small samples, in which actual serv- 
ice conditions are approximately simu- 
lated, is the explosive test used by 
the Germans during the recent war 
as an acceptance test for gun forg- 
ings. Prior to the development of 
this test, it was German procedure to 


detonate a high explosive shell within 
a finished gun tube selected as repre 
sentative of a manufacturer’s practice. 
If the tube shattered, instead of bulg 
ing or peeling like a banana, the 
entire lot of tubes was subject to 
rejection. This was a direct test com- 
parable to the bomb-dropping test 
and was wasteful of material. A late: 
modification involved exploding the 
shell in a prolongation of the gun tube 
so that the damaged portion could be 
removed and the tube salvaged. End 
point of this development was reached 
however, by trepanning a small cy! 
inder, about one inch in diameter, 
from the end of the gun forging, bor 
ing it to produce in effect a miniature 
gun tube and detonating a carefull 
weighed explosive charge within th 
specimen. Acceptance or rejection wa 
based on the manner in which thi 
spec men withstood the explosion. 
These special tests are useful but 
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ence in applying the load, true cor- 


































8 mm. Bien relation between th: tests does not 
(03/5") (0010") rad exist. Numerical results below 30 ft.- 
— ¥ lb. are often in reasonable agreement, 
A (0.394") pony ie but specification requirements should 
La Fd — Y 45\e not be translated from one type of 

(2165) ” , 

. A (0394") test to the other. 
yPe oa) If an impact test is desired at a 
t | 2mm temperature different from the am- 
( 79") . | . T 
| 10 mm. 0079") bient, the Charpy test is generally 
Q (0.394") f 1 The ee a me ae 
_ used. 1e most 1mpvyrtant reason for 
b--- as5 — —| 12 mmm, Saw cut this is that the Charpy specimen can 
| Type B pane —— (Ys") be mounted in test position much 
(0.197") _— more rapidly than the Izod. Another 
[= me 3 





reason is that the notched region of 


10 mm. a 7 é ‘ ‘ 
f (0.394") Ff | the Charpy specimen is not in contact 
55mm , | a with the heat-conduct'ng metal of 
i" —"seuen 10 mm 2mm 


— (0.394") 70079") the testing stand. A skilled operator 
yP can complete a Charpy test with the 











loss of only a few degrees from the 

fermissible Variations: 7 temperature of the bath. 

Cross-section dimensions +0.025 mm. ( 0.001") Length of specimen +0.25 mm (0.010") 
Angle of notch +1° 


Test Specimen 


| 28 mm 7 Seats Test specimens recognized at stand- 








(1092) (0.3/5") a 45° ard by the American Society for Test- 
' ; ° . : . ry . “7 
| VW en ar, a =. ing Materials, A.S.T.M. Specifica- 
(cs = wv tion E-23-41T, are shown in Fig. 2. 
a 75mm. _ | 5 le snes 035 mw Not standard, but also popular is a 
(2.952") (0394") ‘0.010") rad round Izod specimen which has the 
advantage of being economicaily pro- 
Permissible Variations: d 1 ij lat] a i iis . J 
Cross-section dimensions +0025 mm. (0.001") Length of specimen +0.25mm. (0.010") a ee ee ee 


Angle of notch +1° not being circumferential, must be 
milled or ground. Considerable re- 
sistance to the adoption of the Charpy 
Fig. 2—Standard impact test specimens as prescribed by A.S.T.M. Specifization or Izod test for routine inspection 
E-23-41T. Three types of Charpy specimen, top; one Izod specimen, bottom. purposes has been experienced be- 








cause the four-square specimens are 
are inadequate because they do not parallel anvils with the notch cen- expensive and time-consuming to pre- 


in indicate to what degree the product tered and facing away from the pen- pare. 





























re- met, or failed to mect, requirements. dulum; acting as a simply-supported The British customarily use the 
ce. The manufacturer can tell neither beam with the load at the center. Izod test, while on the European 
lg- how much he must improve his prac- The Izod specimen is held in an up- continent several specimens which 
he tice if the part failed, nor how much right position by a vise; acting as a_ closely approximate Charpy standards 
to he might be able to effect economics cantilever beam with the load at the of the United States are used. The 
m- in manufacture, if the part met the free end. The notch, facing the path most used foreign specimens are 
est test successfully. of the dropped pendulum, is even with shown in Table I. 
ter The standard tests, such as the the top of the vise. It will be noted that the chief 
he Charpy and Izod, can be applied to Because of this significant differ- variant in the various Charpy speci- 
be materials to be used for widely dif- 
be ferent applications. Since the test re- 
nd sults are reported in terms of energy 
ed absorbed by a standard specimen, these Table [—European specimen specifications for Charpy-type test 
yl tests give numerical measurement of a ——— 
er, the degree of success or failure. Type of Specimen Length Width Depth | Notch 
or Using the same principle of energy ee ee ee re — 
Ire absorption, determined by the height Mesnager (French)..........| 55 mm. 10 mm. 10 mm. | 2 mm. wide, 2 mm. deep, 
lly of impeded swing versus free swing, 1 mm. radius 
he Charpy and Izod tests are handled DVM (German)....... ..... 55mm. 10mm. 10mm. | keyhole, $ mm. deep, 
yas differently. The most important dif- | | 1mm. radius 
ne oe yo pemaltomtyy a. DVM (Special, German)... . | 55 mm. 10 mm. 10 mm | + 3 oe P, 

| | .U> mm. radcgius 
ut The Charpy specimen is laid on two, | 
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Fig. 3—Notch radius effect upon the Charpy impact proper- 
ties of two steels: A carbon steel, top; and a 2 percent nickel 
steel, bottom; each having 0.15 percent carbon and both 
heat-treated by normalizing. After Armstrong and Gagnebin. 


mens is the shape of the notch, par- 
ticularly the radius at its root. The 
importance of this radius is great, as 
shown, for two steels in Fig. 3. As 
the root radius is decreased, the test- 
ing temperature at which a_ sharp 
drop in Charpy values occurs—called 
the transition temperature range—in- 
creases. For some steels this transi- 
tion range may be at room or even 
elevated temperatures. Therefore a 
sharp notch, by imposing more severe 
stress the test 
area, provides more exacting condi- 


concentration upon 
tions for revealing tendencies toward 
brittle behaviour. 

The 


may be 


difference in’ results which 
with the standard 
V-notch and keyhole notch Charpy 
specimens is well illustrated by Fig. 
+. At room temperature the keyhole 
values V-notch 


former 


obtained 


the 
the 


than 
because 


are lower 


values simply 
specimens possess less cross-sectional 
area of test material below the notch. 
\s_ the 
creased, the V-notch values decrease 
the more sharply until a temperature 
range is reached in which the V-notch 
specimens actually give lower values 


testing temperature is de 


than do keyhole notch specimens. In 
this range the effect of stress con- 
centration is the dominating factor, 
serving to obscure the differences in 
cross-sectional grea. At very low tem- 
peratures, brittle behaviour is, so se- 
vere that all differences between types 
of specimen are minimized and values 
become approximately alike. The key- 


10S 


hole notched specimen is generally 
used for commercial acceptance test- 
ing of materials to be employed at low 
temperatures. 

From the practical standpoint of 
specimen preparation, it is not easy 
to choose between the two types of 
notches. The keyhole is produced by 
drilling and slotting ; which gives little 
chance for developing an incorrect 
radius at the bottom of the notch. 
Since scratches produced by the notch 
drill are in a harmless direction they 
will 


However, difficulty is experienced in 


not cause stress concentrations. 


drilling materials of relatively high 
hardness and the use of a jig does 
prevent drifting. ‘The 
V-notch must be milled or ground. 
Considerable time may be saved by 
gang milling; cutters must be kept 
dressed to the correct radius. Siemen, 
in 4.8.T.M. Bulletin, March, 1946, 
proposed a fly cutter, essentially a 
milling cutter with a single tooth, to 
alleviate this difficulty. 

‘The presence of scratches at the 
root of the V-notch has been believed 
by some to influence results by en- 
couraging high local stress concen- 
trations. To circumvent this it has 
sometimes been practice to polish the 
root of the notch with a fine abrasive 
and a taut piece of revolving piano 
wire. The results of a series of tests 
on four steels, each at a different level 
of impact resistance, are shown in 
Table II to afford comparison of the 
effectiveness of polishing the base of 


not entirely 


Fig. 4—Comparison of results obtained on Charpy speci- 
mens with V-notch and Keyhole notch on two steels both 
normalized and drawn, and containing 0.18 percent carbon; 
one having nickel. After Armstrong and Gagnebin. 


the notch. ‘hese data indicate that 
essentially no effect results from pol- 
ishing, either in reducing the scatter 
of results or changing the average 
level of This sug- 
gests that the presence of scratches is 
of little or no importance to the re- 
sults. 

Large variations in test bar cross 
interesting results. It 
would seem logical to expect that a 
bar twice as wide as standard would 
require twice the energy to break. 
That this is often a tallacy has been 
the work of Moser, in 
Transactions, Manchester Ass’n_ of 
Engineers, 1937-38, some of which 
results are incorporated in Fig. 5. As 


values obtained. 


section give 


shown by 


the width of the bar was increased in 
this series of tests, the energy of im- 
pact increased proportionately to a 
certain point; there was then a sud- 
den decrease in the amount of energy 
absorbed to such an extent that a bar 
three times as wide as standard re- 
quired less energy for rupture than 
needed for the standard bar. ‘The 
point of this departure from propor- 
tionality differs in different materials. 
For some it may not occur within 
any practical limits of bar size. The 
reason for the effect is to be found in 
the distribution of stresses in the test 
piece. The wider the bar, the greater 
the restraint imposed upon plastic de- 
formation and hence the greater tend- 
ency for brittle behaviour. In mate- 
rials liable to brittleness, such as those 
in which the transition temperature 
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occurs close to room temperature, in- 
creased width of the bar will result 
in behaviour similar to that shown by 
the steel of Fig. 5. Steels that retain 
toughness at temperatures 
may not show a tendency toward 
brittleness at all. 

The above discussion can be trans- 
lated into terms of sub-size test pieces 
as well. A bar that is half standard 
in width or thickness will not neces- 
sarily absorb half the energy required 
to rupture the standard bar. It is 
more difficult to induce brittle be- 
haviour in such a test piece, therefore 
results secured on sub-standard bars 
may occasionally give an impression 
of toughness which would not be sub- 
stantiated by standard tests. ‘This 
factor is sometimes a serious limita- 
tion upon using the Charpy or Izod 
test for inspection testing when the 
bar or plate size is not large enough 


subzero 


to permit procuring a standard speci- 
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Fig. 5—Effect of widening the test 
specimen upon the total energy ab- 
sorbed during impact test; annealed 
0.43 percent carbon steel. After Moser. 


men. Sub-size specimens may be used 
only if a comparative set of values is 
established for the dimensions decided 
upon; these values may or may not 
bear a relationship to results on stand- 
ard size bars. 

Under certain circumstances, the 
quality of the material may greatly 
influence results. For example if test 
is made of a specimen from a severely 
laminated steel plate with the notch 
parallel to the top face, rupture may 
develop in a discontinuous path as 
successive laminations are encountered 
and breached by the crack. The net 
result may be likened to a test of a 
composite specimen, only the top por- 
tion of which is influenced by the 
notch. The fracture has a typical 
woody appearance, the laminations 
are generally opened, and the result- 
ing impact energy value is unusuall) 
high. There is the anomaly of poor 
material yielding higher values of 
energy absorption than quality ma- 
terial. Results may be highly er- 
ratic. To minimize this effect the 
notch may be placed at right angles 
to the planes of lamination, as in the 
schematic sketch of Fig. 6, which 
forces a clean break. 


Testing Conditions 


A factor often overlooked in im- 
pact testing is the temperature of the 
specimen at the time it is broken. 
In tensile or hardness testing of 
steels this is relatively unimportant. 
Reference to Fig. + will show, how- 
ever, that a difference of a few de- 
grees in test temperature can produce 
significant change in the level of 
Charpy energy, even at room tempera- 


























Table !l—Comparison of Charpy V-Notch Test Results to Determine Effect of 
Polishing the Notch 




















Test No. | Series 1 Series 2 Series 3 Series 4 
Polish Unpolish| Polish Unpolish} Polish Unpolish| Polish Unpolish 
l 173 193 543 553 77 773 853 843 
2 18 20 565 564 77 78 87}. 87 
3 18 20} 565 564 79 79 89 89 
4 183 203 58 573 794 79 89 89 
5 203 21 583 58 81 793 89 91 
6 21 213 583 58 81 80 89 93 
7 22 213 59 59 81 81 90 94 
8 22 22 60 593 83 81 97 95 
) 22 223 60 60 83 823 99 96 
10 233 60 60 83 87 | 102 10) 
Avg. Ft. Lb. 203 21 58 58 803 803 | 913 92 
Total Spread. . . 6 it = 44 6 93 | 163 16! 
Rock. C Hard. 405-433 | 32-34 243-27, | 184-203 
| 
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Fig. 6—Diagram showing preferred 
notch position in laminated materials. 


ture in the case of the carbon steel. 
With the V-notch this sensitivity to 
temperature may be particularly high, 
as previously pointed out. Since shop 
temperatures vary, it is important to 
record the temperature at the time of 
test or to make the test at the same 
arbitrary temperature. This does not 
require complicated apparatus. A pail 
of water of the proper temperature, 
in which the specimens may be im- 
mersed for 15 to 20 min., is sufficient. 
As mentioned in the introduction, a 
great many erroneous impressions exist 
regarding the speed of application of 
the load in the Charpy and Izod 
tests. This speed is actually in the 
neighborhood of 16 ft. per sec.; slow 
enough that the Charpy and Izod tests 
be considered simply transla- 
tions of a notch-bend test in which 
the load is applied by a moving pendu- 
lum instead of the head of a tensile 
machine. the 
loading has an effect somewhat similar 
to that of lowering the temperature 
of the test. In other words, increas- 
ing the speed shifts the transition 
temperature to a higher range. 


may 


Increasing speed of 


Part II of this article, discussing 
types of test machines, reproducibility 
of results, significance and application 
of tests, will appear in the November 
1947 issue. 
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PLASTICS 


Resin-bonded laminated wood, four - 
ply white oak, is now used in making 
liquid holding barrels. These barrels, 
as mentioned in Plastics, August 1947, 
are less expensive than whiskey-grade 
non-laminated barrels and are 20 |b 
lighter. They are less subject to leak- 
age because of variation in temperature 
or hum‘dity, and have high impact 
strength. The barrels have been tested 
by fil'ing them with 300 lb of water-and 
dropping them 12 ft; they survived the 
test while old-style barrels burst. The 
inside of the barrels can be coated with 
various materials. 


High-frequency heat-sealing units on 
the market today are reviewed in the 
August 1947 issue of Modern Plastics. 
Practical advice is given to facilitate the 
purchase of the unit best designed for a 
given type operation. Initial and oper- 
ating costs are compared; types of 
power supply, oscillator and output cir- 
cuits are mentioned. 


Several new plastic materials have re- 
cently become available in large quan- 
tities. Tenite III, cellulose acetate 
propionate, is now supplied by Tennes- 
see Eastman Corp. in a variety of colors 
for injection molding or extrusion uses. 
Though costing five cents more per 
pound, according to Plastics World, 
August 1947, this new material is su- 
perior in many ways to both Tenite I 
and II. It has better dimensional sta- 
bility and impact strength, and does not 
have an offensive odor. Celanese Plas- 
tics Corp. offered the first cellulose 
propionate mold'ng powder late in 1945, 
but, as mentioned in the August 1947 
issue of Modern Plastics, availability of 
this material has been poor because 
large-scale production was so long de- 
layed. Three types of vinyl ethers, as 
reported by the same magazine. are 
heing produced by the Carbide and Car- 
bon Chemicals Corp. These materials 
can be polymerized to liquids. waxes or 
rubbery sol‘ds, or can be used in general 
chemical synthesis. The polymers have 
already achieved considerable fame in 
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Germany as pressure sensitive adhesives 
and, via copolymers, as modifiers, plas- 
ticizers for rubber surface coatings, etc. 
The B. F. Goodrich Co. now offers 
vinyl resins specially formulated for 
easy production of the vinyl pastes, or 
organisols, already widely used in Ger- 
many and England. The use of these 
pastes reduces costs for coating, dipping, 
moldirg and casting. In many instances, 
expensive inflammable solvents have 
been made unnecessary. Single-pass op- 
erations are sufficient to produce a film 
of any desired thickness; pre-paste tech- 
niques often required several passes 
with drying time between each pass. 
The Rohm and Haas Co. has intro- 
duced Plex’glas V, a new acrylic in- 
jection molding powder. As mentioned 
in Modern Plastics, August 1947, this 
material possesses higher heat distortion 
limits, better me'dability and lower 
shrinkage values than previous types. 
The most recent polystyrene improve- 
ment, announced by Monsanto Chemi- 
cal Co., gives a material with high heat 
resistance, it can be cleaned by boiling; 
and high flexural and impact strength. 


Molded resin-fabric bearings have been 
used in place of white metal bear- 
ings in a British steel company’s works. 
After using the resin-fabric bearings for 
a period of ten years, the following 
interesting facts were noted in Plastics 
(London), July 1947. The fabric bear- 
ings have a lower initial cost, last two 
to three times longer, require only % 
the time to replace, eliminate the need 
for the ton of grease previously used 
per week, save 19 percent in power con- 
sumption, are cleaner to use and less 
subject to cracks. 


Flow characteristics of plastic mold- 
ing powders have been thoroughly in- 
vestigated in Canada. Flow-pressure re- 
lationships are presented for three types 
of crystalline filler, according to the 
August 1947 issue of Industrial and 
Engineering Chemistry, in several high 
polymer binders and with filler contents 
between zero and 75 percent. The data 
were obtained on an experimental ex- 
trusion press used as a viscometer to 


yield results in cubic centimeters per 
minute. In most cases the log of flow 
increased linearly with increased pres- 
sure. The finest fillers gave the great- 
est increase in viscosity and the closest 
approach to theoretical densities. The 
fillers included organic compounds and 
sand; the binders included polyviny! 
acetate, nitro-cellulose, condensed dibu 
tylsebacate and buty! rubber. 


Softeners for us in passengers and 
truck tires have been compared by field 
tests of 214 million miles. As mentioned 
in the July 1947 issue of Rubber Age, 
all the softeners used were acceptable 
on the basis of these tests, though notice- 
able differences were observed. Labo- 
ratory tests confirmed the belief that 5 
percent petroleum unsaturants gave the 
best and medium hard asphalt gave the 
worst results. 


Tear resistance of vulcanized natura! 
rubber has been compared with those 
for synthetic rubbers by G. Reinsmith in 
the July 1947 issue of India Rubber 
World. The factors involved include: 
depth of nick, number of nicks per speci- 
men and temperature of test. With no 
nicks, or shallow nicks, natural rubber 
is superior; with deep nicks, synthetic 
rubbers proved better. In general it 
was found that better tear resistance 
was obtained in materials with high 
tensile strength and low hardness. 


Automobile tires and inner tubes are 
being improved all the time. Great 
Britain is beginning to produce tubes 
made of butyl synthetic rubber because 
of their high air retention properties. 
One of the large American tire manu- 
facturers, also mentioned in India 
Rubber World, June 1947, has devel- 
oped a tube for buses, trucks and 
passenger cars that is said to be veri 
safe. These tubes are really inner tires 
with two air compartments. The out- 
side compartment holds 1/3 of the tota! 
air. When the tube blows, the outer 
section collapses but the inner compart- 
ment will support the load of the 
vehicle until it can be brought to a safe 
stop. Another manufacturer has used 


Propuct ENncIneERING — Octoser, 1947 











id 
d 











a similar idea in building airplane tires. 
These tire-like tubes weigh 125 lb. and 
have an outside diameter of 63 inches. 
A premium passenger car tire, made 
with neoprene synthetic rubber, is said 
to outwear ordinary rubber tires by as 
much as 100 percent. The longer tire 
life is attributed to neoprene’s greater 
heat resistance which permits a 60 
percent thicker tread. 


NONFERROUS METALS 


Zirconium and titanium are being stud- 
ied by various research activities with 
increasing interest. Titanium. the fourth 
most plentiful metal according to W. 
H. Waggaman and FE. A. Gee of the 
Bureau of Mines, is lighter and 
stronger than steel and has good resist- 
ance to corrosion. It can be rolled into 
bars and sheets or drawn into fine 
wires. Titanium is produced by the 
reaction of l'quid titanium chloride on 
molten magnesium. The result’ng prod- 
uct is baked, ground and sintered be- 
fore being rolled or drawn. 


Coiled aluminum sheet is being substi- 
tuted for galvanized steel in fabricat- 
ing air ducts for home and industrial 
applications. The aluminum is being 
used, as reported in Steel, July 7, 1947, 
because of its low cost, light weight and 
good resistance to corrosion. The ma- 
terial used, generally 2S 34H. will 
readily take any type of mechanical in- 
terlocking joint form, including the 
Pittsburgh lock seam. Some shops do 
not mallet the Pittsburgh lock seam 
completely shut because it may be neces- 
sary to open the seam during assembly. 
The 2S 34H alloy may crack under re- 
peated working. Riveting, welding and 
spot soldering techniques are also used 
in assembling. 


Magnesium alloy sheet js usu- 
ally hea’ed to at least 450 F before 
it is deep-drawn, but the alloy 
AM;SO, manganese - calcium - magne- 
sium, has been successfully drawn at 
room temperature. The drawing oper- 
ation was performed in a series of inter- 
mittent steps, as reported by L. A. Cara- 
pelter and W. E. Shaw in Metals Tech- 
nology, April 1947. Using 0.072 in 
sheet, it was found that the maximum 
drawability was about 25 percent for 
normal methods. Drawability over 40 
percent was possible when the part was 
formed by intermittent operations. In 
general, the drawing was carried out in 
from 10 to 30 stages, but the lower 
number gave satisfactorv results. 


Bauxite, used in the production of 
aluminum, is still the most economical 
raw material from which to produce 
this light metal. Investigation has been 


underway for four years in an effort to 
produce raw materials, equivalent to 
bauxite, from kaolin clay. Kaolin clay 
is available in unlimited domestic quan- 
tities, but the best method of processing, 
produces a material that costs twice as 
much as bauxite. The Hoffman proc- 
ess, named after its developer, J. I. 
Hoffman, was started during the past 
war. In this process, the clay is roasted, 
digested with dilute hydrochloric ac‘d 
and the insoluble silica is removed by 
filtration. Upon the addition of hydro- 
chloric acid gas, a hydrated aluminum 
chloride is obtained from which alumina 
is obta‘ned after drying and roasting. 
The hydrochloric acid is recovered for 
reuse and the alumina is treated in the 
conventional manner. 


Fires occurring during the heat-treat- 
ment of magnesium, at temperatures 
well below the melting po‘nts, have been 
carefully investigated. It was found, 
C. B. Willmore and W. S. Peterson, 
Materials and Methods, July 1947, that 
the ignition temperature of sand cast 
AM 265 and extruded AM3S were both 
lowered by increased moisture content 
in the furnace atmosphere. Accidental 
contact with other metals, under condi- 
tions which may permit the formation 
of low melting constituents, as well as 
the presence of slivers, sharp edges or 
thin sections that may become locally 
overheated were also found to be causes 
of fires. Very small amounts of com- 
bustible organic materials have been 
found equally hazardous. 


Cast aluminum fixtures can be chrome 
plated by a recently developed com- 
mercial process. A new plant has 
been constructed, as mentioned by A. R. 
MacPherson, Light Metals, June 1947, 
that is capable of hardling 1.500 units 
per day per shift. The castings are 
heat-treated to improve the adherence 
of a l’ght copper plate. The parts are 
degreased, first with kerosene and then 
wih trichlorethylene and steam, before 
being immersed in the plating baths. 
The baths are held in wax-coated neo- 
prene tanks. After the first copper plat- 
ing, the parts are given a second and 
heavier copper plate at high current 
density. A thin coat of nickel is plated 
on the copner, followed by the bright 
chromium finish. 


Tin plating bath efficiencies are said 
to be markedly improved by the addition 
of 0.1 to 10 percent of sodium, or potas- 
sium, to the anode, according to a 
British patent recently granted. The 
amount of alkali added depends on the 
current density. It is sa‘d that 0.1 per- 
cent is satisfactory for low current den- 
si‘ies but at 100 to 150 amp/sq ft, 
about § percent of sodium or 4 percent 
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of potassium is required. The anode 
efficiency is then as high as 99 percent, 
whereas normal plating salts gave an 
eficiency of only 64 percent at 75 
amp/sq foot. 


High- purity magnesium anodes can 
be successfully used to protect lead-cov- 
ered communication and power cables 
frem galvanic corrosion, according to 
laboratory and field tests reported by 
a Featherly, Electric Light and 
Power, April 1947. In practice, three 
types of anodes, weighing 16, 52 or 60 
lb, are used. For water filled ducts, the 
anodes are frequently installed in the 
manholes but for buried cable the best 
practice is to place the anodes in holes 
approximately 10 ft from the cable. 
The holes should be back-filled with a 
mixture of bentonite clay and gypsum, 
with some added anhydrous sodium sul- 
phate when high resistance soils are 
encountered. Properly installed, such 
magnes'um anodes will have a life of 
approximately ten years. 


Aluminum alloy castings are being 
used for thermally stressed parts of 
cooking stoves and ranges because of a 
shortage of iron castings. As noted in 
the July 1947 issue of Light Metals, the 
use of such castings was restricted to 
nonthermally stressed members prior to 
the war, because, as a result of poor 
design, thermally stressed parts twisted. 
These aluminum alloy parts are now 
used for burners and hot plate spiders. 
After 12 months use, no appreciable 
change has occurred. The parts have 
been made both by die-casting and 
permanent mold casting methods. 


An all-magnesium, two-place aero- 
plane is currently under construction by 
a Britsh plane manufacturer. The 
plane will have, according to Light 
Metals, July 1947, either a fixed or re- 
tractile undercarriage. The 925 lb. low 
wing, single engine monoplane will be 
able to carry a dead load total of 669 
pounds. Light as it is, this aircraft 
will be capable of a cruising speed of 
125 mph at an altitude of 1,000 feet. 


Aluminum and copper have been added 
to some experimental extruded zinc 
alloys, made with high purity zinc, 
to discover their effects on the mechan- 
ical properties of the final material. In 
addition to the aluminum and copper, 
small amounts of magnesium, man- 
ganese, lithium, silver and other alloying 
elements, were included. As mentioned 
by A. S. Kenneford, Journal of the In- 
stitute of Metals (British), March 
1947, cadmium, antimony, silicon and 
bismuth were either detrimental or had 
no effect. Lithium could be used to re- 
place magnesium in some of the alloys 
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but there was no advantage in such a 
substitution. Nickel and manganese 
produced alloys of higher tensile 
strength but lower ductility, while sili- 
con produced an_ increase _intensile 
strength with no loss in ductility. Al- 
loys ranging in tensile strength from 21 
to 70,000 psi were obtained but these 
alloys had rather low impact strength 
compared to those of the 60-40 brasses. 
Alloys of promising commercial applica- 
tion have the following percentile addi- 
tives: 4.0 Al, 0.05 Mg; 4.0 Al, 0.4 Cu, 
0.05 Mg; 4.0 Al, 0.05 Mg, 0.05 Mn; 
and 4.0 Al, 4.0 Cu, 0.05 Mg, 0.05 Mn, 
and 0.05 Nickel. In case of a copper 
shortage, some of these alloys might be 
used in lieu of the brasses. 


IRON AND STEEL 


Spring materials must be chosen care- 


fully when the applications involve 
either elevated temperatures or cor- 
rosive atmospheres. Hardenability 


sufficient to secure full hardening for 
martensite on quenching is the prime 
criterion for ordinary service. It should 
be remembered, as mentioned by F. P. 
Zimmerli, Steel, August 11, 1947, that 
the required hardenability goes up as 
the size of section increases. Cold-drawn 
steels are preferred over hot-rolled 
stock to form coil springs because the 
surface is better. For small-section 
springs, 1065 to 1095 steels are used. 
For larger springs, and springs that will 
stand elevated temperatures, 6150, 
8660, 9260 or a 1% percent Si, 34 per- 
cent Cr steel are used. For very high 
temperature applications, springs of 
high-speed steel are required. Stainless 
steel, beryllium copper and _ various 
nickel alloys are used for springs in 
contact with corrosive conditions. 


Wear-resistant surfaces, 


produced by 
carburizing, 


cyaniding or _ nitriding, 
add appreciably to part dimensions. In 
the manufacture of precision parts, un- 
dersize allowance must be made for this 
growth so that grinding and lapping 
operations can be minimized. Length 
and diameter changes during nitriding 
are discussed by L. J. Spencer in the 
June 1947 issue of Steel Processing. 
Four-inch speciments, nitrided for 60 hr 
at usual temperatures, grew 0.0015 to 
0.0035 in. when the initial condition of 
the nitriding steel and the details of the 
process were adjusted to produce ad- 
herent, spall-resistant coatings. A sim- 
ilar range of increases was found in the 
diameters of 34 and 1 in. rounds. The 
penetration of hardness from a surface 
of 1000 Vickers down to 800 Vickers 
would be about 0.015 in., a deeper case 
than that for the usual 48 hr treatment. 
The surface should normally be lapped 
to a depth of about 0.0015 in. to remove 
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the brittle, white layer at the surface. 
A similar study by J. E. Erb and D. M. 
Woolf, reported in the June and July 
1947 issues of Steel Processing, con- 
cerned cyanided, light case, and carbu- 
rized, heavy case, hollow cylinders of 
C-1021 steel. The samples were car- 
burized 12 hr at 1,650 F, box-cooled, 
reheated to 1,475 F, brine-quenched and 
submitted to 350 F temper. The cylin- 
ders were 1% in. high and either 6 in. 
rized, heavy case, hollow cylinders of 
OD, 3 in. ID; or 3 in. OD, 3% in. ID. 
The height of the cylinders increased by 
about 0.005 inches. The large specimens’ 
OD’s grew from 0.004 to 0.009 in., 
while the ID’s got smaller by 0.008 to 
0.017 inches. The inside of the cylinders 
assumed an hour glass shape; the ID at 
the middle remaining closer to the orig- 
inal dimension than the ID’s at the ends. 
To find additional information about 
the C-1021 carburized steel, it was stud- 
ied in another manner. For Charpy 
impact tests, samples were cyanided at 
1,560 F for 2 hr and oil-quenched at 
300 F to give a light case of 0.02 inches. 
Other specimens were carburized for 
3 hr in the same manner as the dimen- 
sional specimens, to give a case depth of 
0.03 inches. Unnotched Charpy speci- 
mens, with the light cyanide case, gave 
a range of values of 60-65 ft.-lb, or 
a value near 3 foot-pounds. Notched 
Charpy specimens, notches made before 
cyaniding, of either 74, gy or 1/100 
radius, keyhole or V, invariably gave 
values from 2 to 4 foot-pounds. With 
the carburized case, all the samples 
gave results in the 2 to 3 ft-lb range. 


Forming of sheet metal becomes diffi- 
cult when making complex shapes 
by drop hammer or press action. It is 
hard to maintain a constant metal thick- 
ness for all sections of the part. In 
elevated temperature applications, any 
thin spot will become overheated and 
can cause distortion of the assembly. It 
is important that forming dies be de- 
signed on the basis of the natural flow 
lines of the part instead of on arbitrar- 
ily established contours of the necessary, 
successive dies. Stretching and thin 
spots can be avoided, as described by 
C. O. Herb, Machinery, August 1947, 
by a patented process. A plaster of 
Paris pattern is made of the final die. 
The preceding dies are developed from 
this by working backward. A coating 
of tincture of green soap is applied to 
the plaster pattern, and a form, about 
1g in. thick, is built with alternate layers 
of melted beeswax and cheesecloth. 
When cold and stiff, the built-up pat- 
tern is stripped off. It is then warmed 
until it becomes pliable and unfolded 
outward until it is reduced in depth by 
an amount considered feasible for one 
drop-hammer or press operation. When 





cooled and stiff, this beeswax-cheese 
cloth pattern is used for casting the 
plaster of Paris pattern for the next die. 
This is repeated for as many dies as 
necessary. The beeswax-cheeseclot! 
pattern, although pliable, neither 
stretches nor shrinks, no matter how its 
contours are altered. The surface area 
of the pattern is not changed. The proc 
ess is applicable to most complex and 
irregular shapes, but is not adaptable to 
shapes such as cylindrical cups. 


Autoclave and other pressure 
designs up to 3,000 psi are covered by an 
ASME code; above this pressure, the 
ASME and Lamé Formulas are appli- 
cable, but not the code. In a review of 
key factors in pressure vessel design, 
Machine Design, August 1947, C. A 
Long indicates that safety factors must 
be reduced as the pressure goes up. 
This is necessary to keep head and wall 
thicknesses within practicable limits. 
With pressures of 25,000 psi, it may be 
necessary to reduce the safety factor to 
two. It has been found that only low 
tensile steels are suitable for fabricating 
welded pressure vessels. High tensile 
steels can be used in forming seamless 
forged vessels. These should be made 
from ingots or billets with a reduction 
of about three to one. For pressures 
over 40,000 psi the autofrettaging proc- 
ess is used to prepare forged vessels. 
Hydrostatic pressures of 40,000 to 100,- 
000 psi are applied to the interior. The 
steel is stressed beyond its elastic limit 
and permanent growth occurs. The 
proportional limit and tensile strength 
of the steel are increased by this treat- 
ment. High-pressure bodies are some- 
times made of cast carbon or stainless 
steels, or combinations of castings, forg- 
ings and plates. In the higher pressure 
ranges, castings are generally avoided 
because of possible casting defects. 
Hastelloy alloys are used for corrosion 
resistant bodies. 


vesse 


Stainless and special steel tubes 
can be formed by an extrusion process 
This process, described by H. Lorant, 
Mechanical Engineering, June 1947, re- 
quires high quality wear- and heat-re- 
sistant tools, temperatures up to 2,400 F 
and fast-working presses. Tubes, 1% 
to 234 in. OD with walls 0.16 to 0.25 
in., have been made from billets pr: 
heated to 2,300 degrees Fahrenheit. Th 
method is particularly useful for special 
alloys that can be hot-worked only 
within a very narrow’ temperature 
range. It may be useful for steels that 
crack, because of destruction of the fiber 
structure, when worked in a piercing 
mill. The tubes have perfect internal 
surfaces and good structure, Round and 
hexagonal bars and simple profiles car 
also be produced by this technique. 
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Fig. 1—Typical use of supersonic waves is for locating flaws in materials such as ferrous disks for impeller wheels. 


Supersonic Examination of Materials 


BENSON CARLIN 


Product Engineer, Sperry Products, Inc. 


Outstanding characteristics of supersonic waves above 20,000 cycles and their use for 


detecting and locating flaws in metals, plastics, and other materials used in design. 


SMALL discontinuities within most 
metals, plastics, other solids and 
liquids, can be detected and precisely 
located by supersonic test methods. 
This non-destructive method of in- 
vestigation sends pulses of supersonic 
vibration into the material under 
test and measures the elapsed time 
between the transmission of the pulse 
and the return of a reflection or the 
reception of the pulse at another point 
on the part. Because of their na- 
ture, supersonic waves are reflected 
or refracted at a boundary to a much 
greater degree than many other types 
of radiation. Therefore, when any 


flaw in the material has proportions 
that are comparable to the wave 
length a reflection will be received 
back from the discontinuity. A 
typical supersonic test, Fig. 1, is fast, 
accurate, and simple to make. 


Significant Characteristics 


A major advantage of supersonic 
testing is that the size of the flaw 
that can be located is not limited by 
the total amount of material pene- 
trated. Thus a hole a few thou- 
sandths of an inch in diameter would 
be a very small percentage of a 15 in. 
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block, yet it is detected as easily as 
in a 3 in. block. Moreover, super 
sonic energy is as powerfully reflected 
by a crack that has its surfaces closely 
pressed together as by one where 
there is a large separation. Such 
flaws are often found in materials of 
such great density that they are visible 
only after sectioning and etching. 
There is practically no lower limit 
on the size of flaw that can be lo- 
cated. 

The highly directional character- 
istic of the supersonic beam makes it 
possible to investigate a particular 
assembly, even when there are other 
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Fig. 2—How supersonic testing works. (A) Block diagram of elements. (B) Diagrammatic traces that appear on oscilloscope 


parts surrounding it and when only 
a small section of the end surface is 
available for test. ‘The waves easily 
penetrate great masses of metal, and 
can be used on large steel b-llets to 
determine cropping points, for ex- 
ample. 

Flaws can be detected at distances 
from 4 in. to more than 10 ft from 
the face of the testing surface. The 
size of the flaw does not limit the 
distance at which it can be found; a 
No. 60 hole \% in. long is located as 
easily at 10 ft as at % in. The 
amount of penetration does not de- 
pend on frequency except when the 
supersonic waves scattered by 
To 
this effect such discontinuities 
must be of the order of magnitude 
of a fraction of the wave length. 

The orientation of the flaw is im- 
portant if it is a fine hairline crack 
with no appreciable thickness. If 
this crack is parallel to the face of 
the transducer it offers a maximum 
surface for reflection. The projec- 
tion of a flaw upon a plane parallel 
to the face of the crystal probe is 
the surface that reflects the wave. 

Supersonic testing is essentially in- 
stantaneous. Under ideal conditions 
it takes no longer to test a block 10 
ft long than one 10 in. long. Since 
the time of travel of the supersonic 
energy is only a few micro-seconds, 
readings are instantaneous regardless 
of the length of the article under test. 

Supersonic vibrational waves are 


are 
discontinuities in the material. 
have 
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defined as waves of a frequency above 
the usual range of hearing, that is, 
above 20,000 cycles. Various investi- 
gators have referred tc the production 
of vibrations at a frequency as great 
as 5 X& 10® cycles. 


Utilizing Supersonic Waves 


In solids the velocity is approxi- 
mately 4,000 meters; therefore, a 
wave length from 20 to 8 & 10% 
centimeters is possible. In liquids, 
ranges from 6 tc 2.4 & 10% cm have 
been reported. Since middle C on the 
piano has a wave length in area of 
approximately 1,300 cm the difference 
in wave length between audiodle and 
supersonic sounds is clearly apparent. 
Where v = velocity, and f = fre- 
quency, and the wave length equals A; 
then A = f/v. 

Since they are of very high fre- 
quency, supersonic waves travel in 
straight lines. ‘This is referred to 
as rectal.near propagation. ‘hey are 
not appreciably refracted around 
small ovstacles but are heavily re- 
flected from any change in density or 
elasticity in the.r path. 

‘Lhe block diagram, Fig. 2, shows 
the essential components that com- 
prise a transmitter and _ receiver. 
The transmitter consists of a pulse 
generator that produces a radio fre- 
quency pulse adjustable in length 
between 1 and 1U microseconds and 
of approximately 1,000 volts in ampli- 
tude. The supersonic energy from 
the pulse generator is radiated into 


the 
a suitable crystal transducer. Because 
of the Curie effect the transducer 
changes electrical energy into a me 
chanical vibration at a frequency de- 
termined by the and_ the 
frequency of the generator. 
As shown the transmitted waves travel 
as successive 


material by impressing it upon 


crystal 
pulse 


rarefactions 
densations in the material. 


and con 
After each pulse is sent out the 


transmitter stops, the crystal quits 


oscillating and is ready to receive 
reflections from within the part on 
which it rests. If the supersonic waves 
passing through that part meet an 
obstacle they will be reflected strong) 
and some of the energy will return 
and again hit the face of the crystal. 
Thus the crystal is vibrated mechan- 
ically and because of the inverse piezo 
effect generates a small voltage that 
is received and amplified by the re 
ceiver. The superheterodyne ampli 
fier has a band width great enough 
for resolution of 
second. 


micro- 
This means that if two suc- 


about 1% 


cessive flaws in steel or aluminum are 
both indicated at the same time and 
vary 3's in. apart, they will be seen 
as separate indications in their prope! 
position. If they are less than 4s 1 
apart they blend together. 

The visual indicator is a cathode 
ray tube with a sweep that can 
adjusted to best suit the size of the 
part being tested and the velocity of 
the supersonic waves travelling in it 
Time intervals of the order of 
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microsecond, and therefore distance 
intervals of the order of % in., can 
be easily measured. ‘The output of 
the amplifier is fed directly to this 
indicator and is synchronized so that 
the pulse sent out by the transmitter 
occurs at a convenient interval after 
the start of the sweep. Thus when 
there is no reflection the signal ap- 
pears as in Fig. 2. When there is 
reflection a second indication appears, 
caused by the reflected energy. The 
distance between the transmitted and 
reflected pulses gives an exact mea- 
sure of the time that the supersonic 
waves have been travelling through 
the part. 

For simplicity in reading, a timing 
circuit superimposes a simple scale 
on the sweep. Each of these ruler- 
like marks can be set to indicate any 
distance from 4 in. to 2 ft. Witha 
| in. scale setting in a particular ma- 
terial, the reflection from a defect 1 
in. away will always fall upon the 
first of these marks and may be read 
directly from it. It is not necessary to 
know the velocity of supersonics in a 
material to calibrate these marks. 
The crystal is merely placed upon a 
part of known length and the proper 
number of scale marks set between the 
transmitted pulse and a reflection 
occuring at a known distance. 

Any portion of the _ indicating 
sweep can be shown on the screen 
and expanded so that it takes up the 
entire area for closer examination of 
some particular part of the entire 


pattern. Also a pulse and all reflec- 
tions may be moved back and forth 
on the sweep so that they fall at 
any convenient spot. 


Velocity and Acoustic Impedance 


Different types of supersonic waves 
can be generated, but the longitudinal 
wave is used most often. In _ this 
form of wave motion the particles 
move in a line parallel with a line 
of propagation of the supersonic en- 
ergy. Supersonic testing usually uses 
longitudinal waves because: (1) the 
velocities are convenient without be- 
ing too high for easy measurement; 
(2) they can be generated easily with 
x-cut crystals; and (3) this form of 





(C) Successive stages in detection of flaw tracing the sequence of wave travel. (D) Actual reflectoscope pattern showing flaw 


crystal can be coupled to the work 
by a thin oil.film instead of having to 
be permanently fastened or otherwise 


attached. Where E = Young's 


Modulus, » = Poissons Rat‘o, and 
d = density, the velocity V of a 
longitudinal wave is 

IE ] _— a : 


rT MoM) (1 = 2) 


The product of the density in gr 
per cu cm times the velocity of the 
transmitted wave in cm per sec, is the 
specific acoustic impedance of a ma- 
terial. ‘This property is shown for 
This 
d V characteristic is extremely im 
portant in supersonics because it indi- 
cates the amount of 


several materials in Table I. 


reflection and 











Table |—Supersonic Properties of Common Materials 


Ve locity, 


cm/sec X 107° 


Material 





Nits: | 0.331 
Alcohol 1.44 
Aluminum | 6.22 
Bakelite | 2.59 
Brass. . | 4.43 
Copper 4 62 
Glass | 4.9-5.9 
Lead.. | 2.13 
Magnesium 2.33 
Mercury . 1 46 
Nickel... 5.6 
Polystyrene 2.67 
(inattz:..... 5.75 
oS eee 5.81 
Transformer oil 1.39 
Water....... 1.43 





S eCcInc 
Density, Acoustic 


gms/cu cm Impedance & 10! 


0 00120 00000413 
0 79 
2 65 1 70 
1.4 0.363 
8.5 3 61 
8.93 4 11 
2.5-5 .9 1.805 
11.4 2 73 
1 74 0.926 
73 6 1 93 
8.9 4 98 
1.1 0 294 
2.65 me? 
78 4.76 
0 92 0 128 
l 0.143 
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between materials 
at their interface. Using the specific 
acoustic impedance with the subscript 
| for one material and the subscript 
2 for a second material, the ratio R 
of the amplitude of reflected to in- 
cident energy at a normal angle is 
p [aah 
al, tr dyV2 
This relationship is shown for. sev- 
eral materials in ‘Table II. 

Values in Table Il represent the 
conditions with the two 
materials perfectly joined at the in- 
terface. 


transmission two 


existing 


[n testing alloys where some 
of the alloying agents may have segre- 
gated out the percentage reflections 
are accurate; but when considering 
pressed fits or adjacent parts that 
appear to be well mated, there always 
exists a sufficient film of air, oil, or 
other foreign matter to increase con- 
siderably the percentage of reflection 
at the interface. 

When most metals are bonded to- 
gether their acoustic impedances are 
so alike that there is no appreciable 
reflection. ‘The amount of reflection 
from a metal to air interface is ap- 
proximately 100 percent, regardless 
of the amount of separation. Because 
of this, a reflection is caused _pri- 
marily by the fact that there is an 
interface and depends only slightly 
on the thickness of the defect. 

Supersonic investigations can be 
conducted using two crystals so that 
they send energy into a part at one 
point and receive it at some other 
point. The usual method is to use 
one crystal and observe the damping 


of the signal. ‘The amount of trans- 


mission is of value in testing whether 
or not a given part will absorb large 
amounts of the supersonic energy. 
If the amount of absorption is pre- 
determined for a standard part, it is 
often possible to detect defective ma- 
terial by the increased absorption of 
energy. 

Crystal transducers for operation 
at four standard frequencies are ordi- 
narily These quartz crystals 
are x-cut and have a thickness equal 
to one-half of their wave length. 
They therefore resonate at the test 
frequency. 


used. 


Usable frequencies range 
from 0.25 to 12 megacycles, but /%, 
1, 2'4 and 5 me are commonly used. 
These frequencies serve most of the 
common needs for testing in metals, 
although transducers for other fre- 
quencies can be made. Frequencies 
higher than 12 me are rarely used 
since the x-cut crystals are too thin 
for practical use at such frequencies. 
Tests show little functional advan- 
tage over results at lower frequencies. 

The wave lengths at the standard 
frequencies for some of the common 
materials are shown in Table III. 
The amount of reflected energy de- 
pends not only upon the basic con- 
siderations already described, but 
also upon the relation between the 
size of the reflecting surface of the 
flaw and the wave length at the fre- 
quency used. Thus Table III is an 
indication of the frequency that can 
be used in testing a material. For 
depth of penetration in metallic and 
non-metallic material see Reference 
Book Sheet, page 169. 


A single crystal transducer usually 


is used as both sender and receiver. 
The crystal is plated for greater me 
chanical strength and for convenient 
The material un 
der test is one electrode and is main 
The high 
voltage radio frequency is applied to 
the back of the crystal so that it 
cannot be touched by the person using 


electrical contact. 


tained at ground potential. 


the instrument. 

The usual crystal tor use at 5 and 
2'4 me is either ™% or 1 in. square, 
at | me it is usually 1 in. square, for 
the crystal is 2 
‘These crystals may be made rectangu 
lar or of any other shape to fit on a 


particular part. 


4 me in. square. 


The crystal is rarely 
made smaller than % in. square be 
cause of the limitation on the energy 
that can be transmitted into the part 
and also because the amount of beam 
dispersion is a function of the ratio 
between the face of the crystal and 
the wave length of the supersonic 
waves at that frequency. For spe- 
cial work 14 in. square crystals have 
been successfully used. 

If the frequency is so high that the 
wave length is of the same order of 
size as the inclusion in the material, it 
is impossible to penetrate it. Chang- 
ing to a lower frequency of longer 
wave length avoids interference. 


The transmission of energy into 
the material is highly directional. 
The beam does not spread ap- 
preciably, even when transmitted 


through many feet of material. The 
dispersion of the beam can be calcu- 
lated from the ratio of the diameter 
of the front face of the transducer 
and the wave length. Where A 





Table Il—Perfect Reflection of Supersonic Vibrations Normally Incident 





To the Boundaries Between Various Media Perfectly Joined at Interface 





















































Material Specific 
or Acoustic | Alumi-| Steel |Nickel] Mag- | Cop- | Brass'| Lead | Mer- | Glass |£Poly- | Bake-|Water| Oil Air 
Medium Impedance | num nesium | per “cury styrene] lite 
x 108 
Aluminum. ..... 1.70 | O 21 24 9 18 143; 3 |@l 2 50 42 72 74 100 
Se Ae 4.76 0 | 0.2} 43 0.3} 1 9 16 31 77 76 88 89 100 
PUIGRS......... 4.98 0 47 0.8} 2 12 19 34 79 75 89 90 100 
Magnesium..... 0.926 0 40 36 20 12 2 27 19 54 58 100 
Copper...... 4.11 0 6.2) 7 13 19 75 71 87 88 100 
“eee 3.61 0 5 10 23 73 68 86 87 100 
Lead ss re &) 0 1 9 62 53 79 80 100 
Mercury........ 1.93 0 4 8 6 75 76 100 
See 1.805 0 40 32 65 67 100 
Polystyrene. . 0.294 0 1 12 17 100 
Bakelite. ..... 0.363 0 18 23 100 
0 See 0.143 0 0.4} 100 
Oil (transformer) 0.128 0 100 
Raina was 0.0000413 | 0 
| 
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Table Ill—Wavelengths in Common Materials in Inches 






































; Frequency, megacycles 
Material 
1/2 1 2 1/4 5 
RRR aa ee eee 0.0688 0.0344 0.0153 0.00688 
SRNR Coca ck bat ecciagicn oe 1.244 0.622 0.277 0.124 
INN eos latins Snape She aeerna’ 0.518 0.259 0.115 0.0518 
Sy Se epee eee eer 0.886 0.443 0.196 0.0886 
Oa RE eC ee Deen ee 0.924 0.462 0.206 0.0824 
Glass. . Peo eT Ce 1.040 0.520 0.231 0.104 
Lead... Cas At NE aL 0.426 0.213 0.0947 0.0426 
UNI 0 aco. Sc siciaeeasiowea 0.533 0.237 0.107 0.047 
eee 0.284 0.142 0.0632 0.0284 
Se ee 0.534 0.267 0.119 0.0534 
SOMME avis cee pencle Iioss ed 1.150 0.575 0.255 0.115 
ER eget aye iey wistanisee oe 0.581 0.259 0.124 0.052 
inne acnan chu eee 0.278 0.139 0.0618 0.0278 
WIRE Sc ancooaneulecunus 0.290 0.145 0.0645 0.0290 
Table 1V—Surface Standards for Ordinary Reflectoscopic Testing 
General Electric Surf-Check 
and Others 
Roughness, microinches Acceptance for 
Roughness, reflectoscope testing 
Arithmetical Average root mean 
Symbol aver. devia- distance square 
tion from peak to microinches 
the mean valley 
F4 | 63 220 60 to 80 Preferred finish for detecting 
defects as small as 0.005 in. 
FS 125 455 100 to 150 Satisfactory for average testing 
for defects 
F6 250 875 250 and up Can be tolerated but not 
entirely satisfactory as this 
finish may reduce sensitivity 
| because of poor surface contact 
wave length, r = radius of trans- any part where the crystal can be 


ducer face, the ratio 6 = 0.61 sin™ 
(A/r). At most frequencies this ratio 
is so high that spreading is not a 
problem. 

A second factor that influences the 
sharpness of the beam is the amount 
of random scattering within the ma- 
terial when the supersonic waves 
strike a large number of small inclu- 
sions or porosities. To a degree, the 
beam is then broken up and reflected 
haphazardly. This characteristic as- 
sists in the detection of such porous 
conditions. 

Attenuation of the energy depends 
not only on the actual beam disper- 
sion, but also on the viscosity of the 
material. Almost any metal, and es- 
pecially those that are reasonably 
homogeneous and of close grain struc- 
ture, can be tested by supersonic 
waves. Many of the denser plastics, 
and other materials of lower density, 
can be tested. 

Supersonic testing can be used on 


placed on a surface that is at least 
Yi ide. If th i y ll 
14 in. wide. the part is very sma 
with many offsets and holes, the re- 
sults are difficult to interpret. The 
method is especially useful for in- 
vestigating parts of large size. 


Coupling Factors 


If a crystal is placed upon the 
surface of a dry part, very little en- 
ergy will be transmitted through the 
interface into the material because 
of the great difference in specific 
acoustic impedances at the interface. 
A suitable coupling acts like a trans- 
former to match the impedance of 
the crystal to that of the work and 
is usually a liquid with a specific 
acoustic impedance between that of 
the quartz and that of steel. The 
particular couplant is not critical and 
transformer oil, automotive oil (SAE 
20), mineral oil, water, benzine, Pres- 
tone, glycerine, chlorine, sugar solu- 
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tion, soap suds, mercury and various 
amalgams have all been used. For 
simplicity and economy, a thin trans- 
former oil is excellent. 

For best results, the oil must wet 
the part. The supersonic energy 
will then pass from the crystal, 
through the oil and into the part with 
comparatively little reflection at the 
interface. When the surface is very 
rough, thicker oils or any highly 
viscous liquid are usually better coup- 
lants for transmitting the energy into 
the material. 

The surface of the material under 
test should be as smooth as possible. 
Where the surface is very irregular, 
as a result of such factors as pitting, 
rusting, or paint, the crystal is kept 
away from the work. ‘To assure 
good contact for the transducer, 
rough surfaces should be smoothed by 
a hand grinder; most sand cast sur- 
faces should be ground or sanded. 
Machined surfaces are satisfactory 
within the limits of roughness shown 
in Table IV. - Most rolled or forged 
surfaces do not require extensive 
grinding, but should be cleaned with 
a portable sander. Scale that is 
firmly attached may be left on the 
material. Often the surface under- 
neath such scale is wavy, so the most 
desirable surface for routine tests is 
a ground surface with a tight scale 
adhering to the entire surface. 

Where the surface is curved and 
where the curvature is of a regular 
nature such as in a round pipe, the 
part can be tested with a flat crystal 
provided the convex surface has a 
radius of 9 in. or greater. Where 
the radius is small, curved crystals 
must be used. Where the surface is 
concave with a diameter of at least 
2+ in., usually flat crystals can be 
used. If the finish is extremely 
smooth, such as G.E. F-3 or better, 
standard flat crystals can be used on 
convex surfaces with a minimum 
diameter of 4 in. When required, 
curved crystals can be matched to 
any curvature, 


Resonance and Absorption Methods 


Besides using reflected waves, two 
other methods of supersonic testing 
can be used. They are: 


RESONANCE. This method is used 
mainly for measuring thickness of a 
part where only one surface is avail- 
able, as in a bonded material. The 
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Fig. 3—Absorption wave diagrams showing: (A) Good material that has minimum 
absorption. (B) Typical defective material that has appreciable absorption. 





Fig. 4—These crankpin flaws were detected and located by supersonic waves. 


frequency of test is varied until the 
thickness of the part is an integral 
multiple of the wave length. At that 
condition the material is resonant 
and less power is required to cause 
it to vibrate. Therefore the reflected 
signals are much larger. This method 
cannot be used satisfactorily on badly 
corroded parts such as pressure vessels 
or pipe lines. 


ABSORPTION. ‘Lhe 
number of the reflected signals indi- 
cate the amount of sound absorption 
by the material, as shown by the 
typical pattern in Fig. 3. On plate 
that is firm and sound, reflections of 
considerable height and number will 
be noted, while in badly laminated 


amplitude and 
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plate the reflections practically disap- 
pear. Such patterns are correlated 
to indicate differences in grain struc- 
ture or internal condition. 


Some Industrial Uses 


In addition to research and devel- 
opment uses of the 
supersonic method include examining 
raw materials, testing semi-finished 
parts, detecting fatigue cracks caused 
by assembly methods or service condi- 
tions, and examining an_ intricate 
mechanism after it is built. 


investigations, 


To prevent machining of a part 
with a flaw, supersonic waves are 
used for testing billets and other 
masses of steel, aluminum, magne- 
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Steel plate 
can be tested for sulfide laminations 
or inclusions, for example. 

A related application is the testing 
of semi-finished parts before final ma 


sium and other metals. 


chining such as impeller wheels, drive 
shafts and turbine blanks before cut 
ting teeth in the rotor. It is not 
necessary to retest a _semi-finishe 
part after it is completely finished 

Long aluminum spar sections car 
be tested from one end with one appli 
cation of the crystal. When the spa: 
is perfect only the pulse and the or 
posite side reflections appear. Sim 
larly, supersonics is used for ex 
amining propeller blanks to insure 
that internal reinforcements are 
fastened and oriented properly; fo: 
testing of bond between the silve: 
coating on a bearing and the steel of 
the bearing, or the bond of the cool 
ing jacket in internal combustion en 
gines, and for other applications 
Generally, the chief limitation in 
supersonic testing for such devices is 
shape and size. 

The supersonic method is excellent 
for fatigue testing. A big field is 
in periodic checks of materials that 
are under strain as they work. Fo: 
example, locomotive axles and crank 
pins are tested without dismantling 
them in any way, with results as 
shown in Fig. 4. Other supersoni 
tests fatigue include those 
made on stern frames of large ships, 
back-up rolls used in steel mills, and 
shafts in large machines such as com 
pressors and generators. 


failure 


Future Outlook 


Because the supersonic test method 
is relatively new, problems often arise 
where there is no prior experience. 
But progress is continuing rapidly 
and even in those applications that 
are impractical today, there is an 
excellent possibility that they will be 
practical in the near future. For 
example, there is some present difh- 
culty in investigating materials that 
are heavily corroded or that contain 
many small inclusions. The field of 
corrosion is a large one and excellent 
progress is being made in solving it. 
Thus, as more engineers understand 
and use supersonic testing methods 
their experience will both help solv 
dificult problems as they are sug- 
gested and also greatly expand the 
general usefulness of supersonics in 
industry. 
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External Floating Friction Shoes 
Theoretical Analysis and Design 


A. C. RASMUSSEN 


Consulting Engineer 


Derivation of formulas for computing the forces and reactions on any external 
floating friction shoe. Positioning the shoe to make the maximum intensity of 


pressure as small as possible is discussed. 


This article completes a series of 


five articles treating the analysis and design of friction shoes of all types. 


A FLOATING SHOE of the ex- 
ternal type, like the internal floating 
friction shoe, is held in place on the 
carrier or driving plate by a link that 
is pin connected to the shoe at one 
end and pivoted to the driving plate 
at the other, Fig. 1. The actuating 
force is applied to the shoe through 
a second link, which also is hinged 
to the shoe at one end and to an 
activating lever at the other end. 
Consequently the shoe is held against 
the drum by simple forces or thrusts 
acting through the two links. 

These two forces together with 
the frictional force between the shoe 
and the drum have a single resultant. 
In designing a floating shoe mech- 
anism, the shoe can be moved ahead 
or backward with respect to the two 
link connections so as to bring the 
center of the friction surface to the 
point where the single resultant force 
intersects the friction surface. The 
distribution of a load over a curved 
shoe was derived in a previous article 
on internal floating friction shoes. 
(See Propuct ENGINEERING, July, 
1947, pp. 106-110) The distribution 
of the load over an external floating 
friction shoe is analyzed in the same 
manner. 

When a load is off-center on the 
shoe, the maximum unit pressure is 
higher than the maximum unit pres- 
sure that occurs when the load is on- 
center. If the maximum pressure 
is reduced, the rate of wear at this 
Point is reduced thereby causing a 
lower peak temperature. Thus soft- 
ening of the binder in the friction 
lining, bleeding and fading are re- 
duced. The definition of the symbols, 
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Fig. 1—External floating shoe to which the actuating force is applied through 
link T and the balancing reaction is carried to the driving plate through link P. 


appearing in Fig. 1, are as follows. 
Let 


T = Applied or activating force; 

P = reaction at anchor end of shoe; 

R = total force of shoe against drum; 
coefficient of friction of lining; 
friction coefficient factor for a curved 
surface; 

uc = effective coefficient of friction 
of material on a curved surface; 
angular length of friction surface of 
shoe; 

angle that 7 makes with x-axis; 
angle between R and x-axis; 

radius of 7; 

radius of P; 


ratio of self-energization. 


oF 
iil 


mMaantDdD oo 3 
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Assume that the position of the 
resultant R is coincident with the 
center of the friction surface on the 
shoe. Should this condition not pre- 
vail, the position of the maximum 
pressure and the intensity of it can 
be determined by the methods pre- 
viously presented in the analysis of 
the internal floating friction shoe. 
Whenever a new design of friction 
shoe is being studied, the friction 
surface should be moved forward or 
backward with respect to the hinge 
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pins until the center of the friction 
surface does lie along the line of 
action of the resultant R. Such cen- 
tering of the force between the shoe 
and the drum, as already indicated, 
reduces the maximum unit pressure, 





which in turn means less temperature 
rise at this peak pressure point and 
less lining wear. 

To simplify the force equations, 
the x-axis is placed on the force dia- 
grams in such a way that the reac- 
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Fig. 2—The x-axis is chosen so as to be always perpendicular to reaction, P, 
thereby simplifying the force equations in external floating shoe problems. 








Sa 











Fig. 3—Moments about L simplify derivation of equation for self-energization. 
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tion P is always perpendicular to the 
x-axis; consequently reaction P has 
no horizontal component, Fig. 
On the basis that the summation of 
the vertical components is Zero, 


P+T sin B—R (sing@+ncos¢)=0 = (i) 
If the function of @ comprising the 
quantity within the parentheses is 
denoted by ky, Eq (1) becomes 


P+ T sin B — Rky =0 (2) 
Likewise, from =H = 0, 
T cos B — Rhy =0 (3) 


in which hy denotes another function 
of @ (See Table 1). 

Summation of moments about the 
center of rotation gives 

Pa = Te + Rr (4) 
The quantity P can be eliminated 
by combining Eqs (2) and (4) to 
get 

T (asin 8 + ¢) = R (akg — nr) (5) 
If Eq (5) is divided by Eq (3) and 


the terms rearranged, 
) =” (6) 
a 


by — hy (EE 


{a cos B 
Let 
m = (asin 8 + ¢)/acos 8 (7) 
and 
s=nr/a (8) 


When these values, along with the 
trigonometric equivalents of hy and 
ke, are put into Eq (6), the follow- 
ing function of ¢ is obtained: 


(1+mn) sin@—(m—n) cosd =s (9) 


Either sin ¢ or cos ¢ can be ex- 
pressed in terms of the other and 
the resulting quadratic equation 
solved for @ With ¢ known, R and 
P can be computed from Eqs (3) 
and (2), respectively. Eq (4) can 
be used as a check. 

When 8 is 90 deg, Eq (6) is in- 
determinate but the following analy- 
sis applies: 


From SH =0 
Rcos¢@— nRsing =0 (10) 
which gives 
tang = 7 (11) 


and R and P can be computed from 
Eqs (3) and (2) as before. 

The ratio of self-energization is 
found by comparing the moment of 
T, required to produce a given value 
of R,, with no motion, to the moment 
of T required to produce a value of 
R equal to R,, but with motion. For 
moments about point L, Fig. 3 


To (a sin 8B + ¢) = Roasin de (12) 


Propuct ENGINEERING — OcroseEr, 1947 


























the = ° ° 
Since E is T,/T, the self-energiza- 
has oe i. Eqs (1 f and (5) ‘3 . Table I—Numerical Values. of Trigonometric Functions 
: . £4» hg, ig and ky for an y of 0.30. . 
) of Rea Ro a sin do - (13) £ =¢cosd + nsing lg = sind — n Cos > 
R (a kg — nr) h =g cos @ — nsing kg = sin ¢ + nos > 
(1) which for the condition that R, and Angle ; ' P 
R are equal gives dee. ¢ pad —e be he ‘6 . 
. cs 00000 1.00000 ~=—s-:1.00000-~—s:1.00000 —0.30000 0.30000 
5 1S a. go (14) rere 0.08715 0.99619 1.02234 0.97005  —0.21170 0 38601 
~ kg — nr/a _ eee 0.17365 0.98481 1.03690 0.93271 —0.12179 0 46909 
ae 0.25882 0.96593 1.04357 0.88828 —0.03096 0 54860 
(2) The value of ¢ is found from Eq ae 0.34202 0.93969 1.04230 0.83709 0 06011 0.62393 
‘T) aliens o 25........ 0.42262 0.90631 1.03309 «0.77952, 0.15073 0.69455 
Pesan 0.50000 0.86603 1.01603 0.71603 0.24109 0.75981 
@) armen CF wl... 0.57358 0.81915 0.99122 0.64708 0.32783 (0.81932 
‘tion 7 40........ O6829 0.76604 0.95888 0.57321 ; 
et oe mh OF ee oo 0.70711 0.70711 0.91924 0.49497 «0.49497 «0.91924 
‘ nominator of Eq (1+) is zero and 59.11 0.76604 0.64279 0.87260 0.41297 0.57321 0.95888 
, the locking occurs. To avoid locking 55......... 0.81915 0.57358 0.81932 0.32783 0.64 
therefore the ratio n/ke must be less ee 0.86603 0.50000 0.75981 0.24019 0.71603 1.01603 
(4) than the a/r ratio. err 0.90631 0.42262 0.69451 ent pied oo 
~ - : r a TO.scnccres OI 0.34202 0.62393 0. 11 
lated _ With motion in a clockwise direc- 75°-""""- 996593 9.25882 «0.54860 0.03096 0.88828 ~—«1 04357 
) to tion, or opposite that shown in Fig. 8O........ @.96081 0.17365 0.46909 —0.12179 0 93271 1.03690 
2, the direction of the frictional force, = tomes Orr $ 08715 ° oe < 21170 . 97005 02234 
(S) nR, will be reversed. The force equa- ~~ ‘°"" 1.00000 -00000 -30000  — 0.30000 -00000 -00000 
tions corresponding to Eqs (2), (3) iain 0.99619 —0.08715 0.21170 —0.38601 1.02234 0.97005 
and and (4) are respectively 100........ 0.98481 -—0.17365 0.12179 —0.46909 1.03690 0.93271 
105........ 0.96593 —0.25882 0.03096 —0.54860 1.04357 0.88828 
P+Tsin 6 — Rie =0 1 110........ 0.93969 —0.34202  —0.06011 —0.62393 1.04230 0.83709 
oT me~ Oe BR atnnxe 0.90631 —0.42262  -—0.15073 —0.69451 1.03309 0.77952 
(6) fae 0 (17) ee 0.86603 -—0.50000 -—0.24019  —0.75981 1.01603 0.71603 
— Ry = , 
Pa=T., R 1 3.ssiiwws BRS —0.57358 —0.32783 —0.81932 0.99122 0.64708 
' ne ee (18) 130........ 0.76604 —0.64279 —0.41297 —0.87260 0.95888 0.57321 
(7) 5 A WSR oc cccss, Oneren —0.70711 -—0.49497 -—0.91924 0.91924 0.49497 
When 8 is 90 deg, summation of the 140........ 0.64279 —0.76604 —0.57321 —0.95888 0.87260 0.41297 
horizontal forces yields 145........ 0.57358 —0.81915 —0.64708 —0.99122 0.81932 0.32783 
(8) 150........ 0.50000  -—0.86603  -—0.71603 —1.01603 0.75981 0.24109 
tang@=-—7 (19) a 
the 155........ 0.42262  -—0.90631 —0.77952 —1.03309 0.69451 0.15073 
» and If Eqs (16) to (19), inclusive, are 160....... 0.34202 —0O aos —0.83709 —-l ere ; po 
. ° : 165........ 0.25882 -—0.96 —0.88828 -—-1 5 0.54 - ; 
llow- applied in the manner outlined for 175°°""""'  g'17365 0.98481 0.93271 —1.03690 0.46909 —0.12179 
the initial direction of rotation, the 175........ 0.08715 -—0.99619 -—0.97005 —1.02234 0.38601 —0.21170 
(9) forces resulting from the opposite So eaeeeeee 0.00000 —1.00000 -—1.00000 -—1.00000 0.30000  —0.30000 
direction of rotation are readily com- 
Me Cx: puted. 
r and Determination of the self-energiza- nominator of Eq (20) cannot be- value of » is taken as 0.30. This 
yer tion gives come zero or negative, it is apparent value of » is low for the usual prob- 
R (3 r F that the shoe cannot be self-locking lem; nevertheless the tabular values 
3 (3) E= a = Toye (20) with reverse rotation of the driver. are useful for comparisons. If the 
) can ° , Numerical values of the trigono- values must be used repeatedly in 
we for which the value of ¢, can be metric functions gs, hs, i and design calculations, graphs of these 
Is “il found from Eq (15). Since the de- &, are given in Table I, in which the trigonometric functions are useful. 
analy- 
(10) 
Reports on Tin-Free Solder to Replace Tin Solder 
(11) 
1 from TIN-FREE SOLDER can be used as a_ sults of investigation of industrial uses in solder with silver. The fifth report 
replacement for tin-containing solder of tin-free and low-tin solders made gives results of experiments made in 
Hion 1s to a limited degree according to re- by the Battelle Memorial Institute, studying the properties of modified 
one of suits of tests described in one of five Columbus, Ohio under a War Pro- _lead-silver solder as a substitute for 
1 value reports of wartime solder research duction Board contract. One of the  tin-lead solders used in the manufac- 
roment now on sale by the Office of Technical two is a brief survey of the various ture of small arms ammunition boxes. 
f Services, Department of Commerce. _ uses of tin-lead solders in the electrical Orders for the reports should be 
alue o con \ sh 
n. For The reports cover experiments and industry. addressed to the Office of Technical 
3 tesis to find substitutes for tin solders. The fourth report gives details of Services, Department of Commerce, 
12) ‘wo other reports present the re- an investigation made to replace tin Washington 25, D. C. 
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Viscosity Indices of Four Representative 
Hydraulic Fluids Compared to the 
Theoretical Ideal Viscosity Medion AB 
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Specifying Hydraulic Fluids 


Seven primary characteristics to consider when selecting hydraulic fluids. 


MANY industrial machines are de- 
pending increasingly on _ hydraulic 
fluids for proper operation. Machine 
tools, for example, often use hydrau- 
lics for obtaining smooth vibrationless 
action, rapid tool approach with slow 
cutting speed, and the cushioning 
effect on tools that usually improves 
the finish on the work piece. 

For most applications on machines, 
straight mineral oil, or mineral oil 
plus additives, have replaced water 
as media for hydraulic power trans- 
mission. The bedy or viscosities of 
these materials ranges from 150 to 
1,000 Saybolt Seconds Universal 
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(S.S.U.) at 100 deg. F., depending 
upon operating pressures and duty 
to be performed. Because of grow- 
ing demand for machine tools with 
hydraulic systems for transmission 
and control of power, some companies 
have found it helpful to add a hy- 
draulic oil specification to their ma- 
terial specifications handbook. ‘The 
sample specification shown in Table 
I includes requisites for a light oil 
of about 150 S.S.U. a medium-bodied 
oil of 300 S.S.U., and a heavy oil 
of about 1,000 S.S.U. 

These three basic functions of a 
hydraulic medium were used for es- 


tablishing the specifications: (1) To 


provide a medium for transmission 
of power, (2) to lubricate internal 
moving parts, and (3) to prevent 
corrosion of the working parts. Other 
influencing factors included the con 
sideration that a satisfactory hydrau- 
lic oi] should maintain a good sea! 
between moving parts and have sufh- 
cient film strength or load-carrying 
capacity to prevent metal-to-meta! 
pickup under heavy loads. 

Basic characteristics for specifying 
satisfactory hydraulic lubricants i 
clude: (1) Viscosity, (2) viscosits 
index, (3) load-carrying capaci 
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Fig. 2—Measuring viscosity by the precise kinematic method, 
using a modified Ostwald viscosimeter to obtain values. 


cants; the higher the 





Fig. 3—Measuring extreme pressure characteristics of lubri- 


pressure the greater the load ability. 





Table I—Specifications for Physical and Chemical Characteristics 


Oil to be refined from petroleum oil, be free from water. sediment, act 


should resist oxidation, have a viscosity index of at least 60, and hav 











of Hydraulic Oils 


ls and soaps. It 
igh demulsibilits 





Kinematic Viscosity Approximate Saybolt A.S.T.M 
Type of Flash Fire Centistokes Universal Viscosity, sec. Pour Neut. No. Viscos Steam 
Hydraulic Point, Point, - —- ——— — Point mg. ity Emulsion 
Oil Deg. F, Deg. F, | 100 Deg. F. 210 Deg. F. 100 Deg. F. 210 Deg. F. | Deg. F. KOH/g, Index. No., 
min. min. = teen = a = max. max. min. max 
min. max. min. max. min. max min max 
Light.........| 385 440 25 38 4 6 120 175 40 45 10 0.05 0 90 
Medium......| 390 445 60 76 6.5 8 275 350 48 53 15 0.05 70 120 
Heavy.... 450 500 173 205 16 18 800 950 80 90 $5 0.10 70 
Test procedures to conform with A. S. T. M. methods as follows: Sampling, D-270; Flash and Fire Points, D-92; Viscosity (Kinematy 
D445: Viscositv (Savbolr), D-88; Pour Point, D-97; Neutralization Number, D-663; Viscosity Index, D-445; and Steam Emulsion, D-157 
+) demulsibility, (5) acid number, property has been evaluated in terms $.8.U. values are included in the 


6) pour point, and (7) chemical ofS. S. U.as an index. This method is 
or oxidation stability. The prime 
factor of oxidation stability is placed 
last, because its behavior is reflected 
by other factors, such as high acid 


based on determining the time in sec- 
onds required for 60 c.c. of oil at a 
specified temperature to flow through 


a certain size orifice. It has certain 


number, low demulsibility (high weaknesses, and errors occur under 
steam emulsion number), increased some conditions. A new and more ac- 


iscosity, and formation of sludge curate method for determining vis- 


and gummy deposits. cosity, called kinematic viscosity, is in 
creasingly replacing Saybolt viscosity. 
This 
capillary tubes and a constant-tem- 
perature liquid bath. 

Both kinematic viscosity values and 


Viscosity. Viscosity of a liquid, in method uses suspended level 
this instance a petroleum product, 
iS a measure of its internal friction 


or resistance to flow. For years this 
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Gseneral Electric specification for hy 
draulic oil. At some later date, it 
is likely that the older method of 
test will be dropped in favor of the 
more accurate kinematic viscosity. 
Correct body or viscosity is one of 


the most essential characteristics ot 


a hydraulic oil. ‘There is always 
some degree of leakage or slippage 


in hydraulic pumps, which causes in 
creased oil temperatures with conse 
quent loss of efficiency for the sys- 
tem. Low-viscosity oils give assur- 
ance of quick flowing oils. but they 


123 











will promote excessive oil leakage 
and poor efficiency. 

High-viscosity oils, on the other 
hand, give less leakage, offer higher 
resistance to flow, and ultimately re- 
sult in higher power consumption. 
Hydraulic oils range in viscosities 
from a light oil of 150 S.S.U., to a 
heavy hydraulic oil of 1,000 S.S.U. 
at 100 deg. F viscosity index. 


Viscosiry INpEx. After years of 
discussion as to its need in a hydrau- 
lic specification, viscosity index is a 
characteristic that is now considered 
necessary for a well rounded stand- 
ard for hydraulic oils. An oil hav- 
ing a high viscosity index, or V.L., 
is one that has a minimum change 
of viscosity over a given temperature 
range. As shown in Table I, a good 
hydraulic oil should possess a_vis- 
cosity index of 70 or more. 

Although wide temperature varia- 
tions may not be encountered in the 
hydraulic systems during normal 
operation, high viscosity index oils 
often are still desirable. For exam- 
ple, after the week end shutdown of 
equipment a high-viscosity index oil 
insures efficient operation of hydrau- 
lic systems for the first few hours 
of the new work week. Generally 
the use of a hydraulic oil of 70 V.I., 
or less, causes higher power losses 
and lower overall existing efficiency. 

The ideal hydraulic oil would have 
the same viscosity at all temperatures, 
but this is an improbability in the 
present field of petroleum products. 
While the perfect fluid with uniform 
body at all temperatures has not yet 
been realized, it now is being more 
nearly approached through use of 
synthetic silicone fluids. In addition, 
the high flash points and low pour 
characteristics of the silicones merit 
serious consideration when selecting 
a good hydraulic oil. 


Loap-CarryING Capacity. In sys- 
tems operating at 2,000 lb. per sq. 
in., or above, film strength or load- 
carrying capacity may become a fac- 
tor in the selection of hydraulic oils. 
This may require the addition of 
certain materials in the hydraulic 
medium to increase the film strength 
and prevent metal-to-metal contact 
at higher pressures. Lack of this 
characteristic on a machine tool will 
cause table, piston, and slide chat- 
ter, which will reflect in poor ma- 
chinability of the work piece. In the 
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hydraulic-oil 


future, 
will probably list a Falex wear test 
or Almen number as an indication 
of the high load-carrying capacity 


specifications 


required. There are several ma- 
chines available for the measuring of 
load-carrying-capacity and while cor- 
relation of test results between ma- 
chines is not too good, the Almen 
Extreme Lubricant Tester and the 
Falex Lubricant Tester show fairly 
reproducible results. 

The Falex machine employs two 
V-shaped hardened steel bearing sur- 
faces that are pressed against a ro- 
tating steel pin until seizure occurs. 
Both the pin and the V-shaped bear- 
ing blocks are immersed in the oil. 
Torque and applied load are meas- 
ured by the use of two gages. Wear 
may also be calculated by disengag- 
ing a feed arm and running at a 
given load. 

The Almen machine, developed by 
General Motors Corporation, uses 
a \% in. diameter polished drill-rod 
journal or pin and a ¥% in. ground 
split bushing made from cold drawn 
steel. A 0.007 in. clearance is pro- 
vided between the pin and normal 
diameter of the split bushing. Pres- 
sure is applied thru a series of lever 
arms until seizure occurs. Load is 
calculated in lb. per sq. in over a 
projected area and torque in inch- 
pounds. 


DEMULSIBILITY. ‘There is a direct 
relation between demulsibility, or the 
rate at which an emulsion will 
“break” or separate, and emulsifica- 
tion, which is the rate at which an 
emulsion is formed. 

Oils with low demulsibility rating 
retain water, moisture, and air more 
readily than those oils with high 
demulsibility rating. Water in the 
hydraulic system may be from leak- 
age of cutting oils into the oil reser- 
voir, Or moisture may result from 
condensation of atmosphere moisture 
caused by air moving in and out of 
breather pipes. ‘The effect of air 
in a system charged with an inferior 
grade of oil usually results in noisy 
operation, chattering, and poor con- 
trol of the equipment in general. 

The method most generally used 
to evaluate demulsibility is the 
A.S.T.M. Steam Emulsion test, the 
results of which are recorded as 
A.S.T.M. Steam Emulsion Number 
or (S.E.No.). The number indicates 
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the seconds required for an oil to 
separate water when emulsified with 
steam under prescribed conditions. 


Low Acip Numser. The acid num- 
ber, or neutralization number as it 
formerly was called, of a petroleum 
product is a measure of the presence 
and concentration of constituents 
having acid characteristics. The acid 
number is the weight in milligrams 
of the alkali (usually potassium hy- 
droxide) required to neutralize one 
gram of the material. Oils having 
high acid number sludge or emulsify 
rapidly. Pitting and corrosion of the 
metals then follows. 


Pour Point. Pour point is the low 
est temperature at which an oil will 
flow or can be poured under pre- 
scribed conditions. Pour point is 
important in hydraulic oils, particu- 
larly after week end shutdowns of 
operating equipment. Factory build- 
ings are generally cold for the first 
few hours at the beginning of each 
work week. Starting equipment with 
oils of high pour point cause slug- 
gish operation of machine tools. 


CHEMICAL OR OXIDATION STABIL- 
ITy. Perhaps the most important 
overall qualification for hydraulic oils 
is chemical stability. When hydraulic 
oils operate at above normal tempera- 
tures in the presence of metals, mois- 
ture and air, oxidation begins and 
organic acids are ultimately formed. 
Of these acids produced in the earlier 
stages of oil deterioration, the high 
molecular-weight acids tend to pre- 
vent corrosion of exposed metals. 
This is not true of the low molecu- 
lar-weight acids that promote corro- 
sion. After a certain concentration 
of these acids is reached the solution 
reacts with susceptible metals, such 
as copper and iron, at the surface and 
forms metallic soaps. These soaps 
are soluble in the hot oil and are 
consequently washed from the metal 
surfaces. This exposes new metal 
and these subsequent layers continue 
to form more metallic soaps. These 
soaps promote the formation of emu!- 
sions and sludges, or gummy resit 


Future Trends 


Future trends in the hydraulic 
liquid field will probably be aw: 
from the use of highly refined straig): 
mineral oils (turbine-oil type) to i 
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creased use of the straight mineral 
oil with certain additives, such as 
oxidation inhibitors, corrosion in- 
hibitors, pour point depressants, and 
viscosity index improvers that is be- 
ginning to find increasing favor. 
But eventually it seems certain that 
hydraulic oils will come from the 
new synthetics, such as the silicones. 

These poly-organosiloxanes have 
several outstanding characteristics as 
discussed by Messrs. Fitzsimmons, 
Pickett, Militz and Zisman in 
A.S.M.E. Transactions, May 1946. 
They have exceptionaily high chem- 
ical stability. In the absence of oxy- 


gen, certain of these materials are 
stable at temperatures above 200 deg. 
C., and in the presence of air remain 
free from acid formation, sludging 
and gum formation at 150 deg. C. 
The silicones approach the ideal pe- 
troleum oil in having extremely high 
viscosity indices. “They have a low 
pour point, and have functioned suc- 
cessfully in machinery in a cold room 
at —60 deg. C. Furthermore, they 
are non-corrosive to metals. No cor- 
rosion whatever has been found when 
silicones, brought into contact with 
metals such as brass, bronze, alu- 
minum, and steel, were subjected to 





150 deg. C. in the presence of air 
for a long time. 

The silicone-polymers are limited 
in their load-carrying capacity or 
“film strength’ where both sliding 
surfaces are ferrous metals. But 
when one, or both, of the sliding sur- 
faces are non-ferrous metals the load- 
Carrying capacity is satisfactory. 
Concentrated efforts are being di- 
rected towards improving the lubri- 
cating qualities of these fluids, par- 
ticularly when used with ferrous 
metal combinations, and additives 
will probably be found to improve 
this characteristic. 


Water Channel Technique Simulates Supersonic Waves 


A SIMPLE TECHNIQUE to simulate the 
supersonic shock wave system cre- 
ated by high speed airplanes and pilot- 
less missiles—towing models through 
a water channel—has been adapted by 
engineers in North American Avia- 
tion’s Aerophysics Laboratory 

Application of the technique by 
North American Aviation marks the 
first time it has been used in this 
country to study supersonic speeds in 
aircraft and guided missiles. 

Speeds up to 7,000 mph. can be 
simulated by towing models through 
a water channej only % in. deep. 

North American engineers tow 
models representing supersonic wings, 
ram jets or similar components 
through the channel by means of a 
wheeled stand. The stand holds both 
the model and a camera which re- 
‘cords the shock wave patterns sent 
out by the models. 

Water wave patterns created by 
models being towed through the shal- 
low channel are similar in shape to 
the shock waves sent out by a body 
ying at supersonic speeds. 

It is possible to simulate an airfoil 
it a speed of 3,000 miles an hour— 
four times the speed of sound in the 

ir. The model is towed through the 
water channel at a velocity of 3.6 feet 
per second, which is four times the 
‘locity of water waves in a channel 
ne-quarter of an inch deep. The 
elocity of sound is thus replaced by 
he velocity of the water waves. 

Dr. William Bollay, head of North 


American Aviation’s Aerophysics Lab- 





Photographic records are made of shock wave patterns created by towing the 
model of a supersonic wing through water in North American Aviation’s laboratory. 


oratory, points out that the water 
channel system is less expensive than 
supersonic wind tunnel tests, and also 
can be used to simulate accelerated 
motions. The disadvantage is that the 
resulting data are not as accurate as 
wind tunnel tests, but are useful for 
qualitative supersonic studies. 

The technique of using the analogy 
of water waves and shock waves in 
the air was first proposed in this 
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country by Theodore von Karman of 
the California Institute of Technol- 
ogy for the problem of studying the 
optimum design of water channels for 
the Los Angeles County Flood Con- 
trol District. 

North American Aviation’s aerody- 
namiscists are now working in the 
opposite direction—going from the 
experimental water channel to deduce 
the supersonic flow of air. 
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Electrical, Mechanical and Fluid 


Various speed changing devices including an outline of their principles of operation and 
a description of some of the materials used in their construction. Uses and limitations of 


the eight units described, including planetary and changing diameter types, are discussed. 
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FIG. 1—The Lewellen Variable Speed Transmission has two 
parallel shafts mounted in a rigid frame. Either shaft can 
be used as the variable speed shaft and the transmission can 
be run in either direction. —Two cone-faced disks are spline- 
mounted on each shaft and all four disks move laterally when 
changes of speed are desired. A double block V-type belt 
connects the two pairs of disks. The control wheel turns the 
screw that positions the disk levers. These levers are pivoted 
in such a way that each disk moves the same distance. The 
levers transmit their thrust loads through links at each end. 
The thrust load is equally distributed over the bearing sur- 
faces because the links are pivoted about the centers of the 
bearings. Stop collars fitted on screw limit disk separation. 
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FIG. 3—Constructed of metal throughout and using standard 
V-belts, the Select-O-Speed has two variable pitch sheaves 
mounted on a pivoted shaft. The two inner halves of the 
sheaves are positively located in the housing assembly, and the 
outer halves. pinned to the floating splined shaft, are free to 
move laterally. As the control lever is shifted in its diagonal 
direction, the shaft assembly moves with it, keeping the belt 
centerlines fixed and aligned with the driving and driven units. 
The protective housing, fastened to the shifting links, moves 
with the control lever. 
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FIG. 2—Different operating radii on double cone-shaped 
rollers cause reduced variable speed output. Power of the 
JFS Variable Speed Reducer is passed by the high speed shaft 
to the full-floating center shaft via a compensating coupling 
Two longitudinally moving inner races are secured to the 
center shaft by feather keys. These races engage the three 
rollers because of spring pressure. As the rollers revolve, 
they rotate as a planetary because of their outer race contact 
The rollers are attached to a spider, rigidly keyed to the out 
put shaft, through individual yokes. One of the outer races 
is fixed; the other is controlled by the handwheel to change 
the relative points of contact between the rollers and races 
The inner races are positioned by the pressure of the rollers 























Motor____ Constant Excitation variable speed 
controls speed... cortro/s vassernbly 
\ / 
onan ™. : 7 Excitation coil 
Moto \ 
as 2 Variable 
~ “\ 7 --speed 
| | “ ) shat 
MI pel 
— WE Eas) 2 —z 
r = 
( r M- 
° / 
\ 
Cys 4 

















7 
Constant speed shaft 


~ 


~ 
\ 
he Louis Allis bentilatior 


FIG. 4—Made to transmit controllable torque, the Adjysto 
Spede uses electro-magnetic forces and no mechanical con 
nection between the driving and driven members. A squirre! 
cage induction motor and an eddy current clutch are combined 
in one unit. The clutch has special poles that concentrate flus 
at the pole ends, which develops constant torque between th: 
driving and driven members. Variable delivery speed is de 
termined by the amount of slip between the drung. An: 
required slip can be had by changing the clutch coil excitation 
Shock loads are absorbed electrically and not mechanical]; 
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FIG. 5—The Varidrive Motor is made of a constant speed 
squirrel-cage motor and two pairs of Varibelt-connected 
Vari-discs. The speed is changed by varrying the effective 
driving diameters of the sheaves. A calibrated helical spring 
automatically keeps the pulley sections in proper contact with 
the belt. The threaded handwheel shaft actuates the traveling 
hubs, controlling the lateral movement of both sets of disks 
to reciprocally expand and contract the width of the pulleys 
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FIG. 7—The Oil Power Transmission can be used where 
right and left hand variable rotation and a neutral position 
ire required. An electric motor drives a variable displace- 
ment multi-piston pump that delivers oil to a fluid motor of 
the same type. Oil is pumped from the reservoir to the 
ylinders by the make-up pump, mounted on the input shaft. 
This oil is delivered under sufficient pressure to hold the 
pistons against the wobbler plate on the return strokes of the 
pistons. Speed of rotation is dependent upon the angles of 
the wobbler plates; angles changed by the control mechanism. 
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Ant-friction bearings 
are used for all 
rotating parts 


Wide texrope belts operate 
in the grooves of 
vari-pitch sheeves 
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FIG. 6—In the Vari-Pitch Speed-Changers, special Texrope 
V-belts and Vari-Pitch sheaves have been combined to pro- 
vide infinite variations of speed, and can be driven from either 
side of either end. The disks between which the belts operate 
are mechanically linked together, moving as a unit to effect 
the speed change. The disk positions and pitch diameters are 
maintained without the use of springs. The belt tension is 
held by a cantilever-type idler activated by gravity. 
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FIG. 8—A speed control that delivers constant torque at any 
fractional speed between that of the power source and zero 
and between zero and 10 percent reverse, the Constantorque 
uses two planetary gear systems. A cylindrical differential 
carrier incloses a planetary unit of six gears always in mesh, 
and is free to rotate about the input and output shafts. This 
carrier has a 45 deg. angled face in contact with the freely 
rotating control ball. Another angled disk connects to the 
output shaft through a six gear planetary, and is in contact 
with the control ball. As the ball tips, the speed reduces. 
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Fig. 


= STEEL 


1—A silver brazed cast iron and steel bond is stronger 
than the cast iron, providing a good bond exists. The rup- 
ture takes place in the iron because the tensile strength of 
AMS 4770 silver solder is 40,000 Ib per sq in. or more. 


Sg ARB. iad 


METAL 


Fig. 2—The photomicrograph above shows how a low sur- 
face tension metal makes a strong bond with prepared cast 
iron. The bonding metal flows into these microscopic cavities 
left by removal of the sand and graphite inclusions. 


Design Possibilities in the Silver 


RARELY the best 


material for every part of a design 


is one material 
and therefore castings always repre- 
sent a series of compromises. Now 
there is a reliable and economical 
method of joining most metals to our 
basic casting material—grey iron. This 
method, sometimes incorrectly termed 
silver soldering, is silver brazing. It 
enables the designer to apply a wear- 
resistant material here, a high tem- 
perature alloy there, a corrosion proof 
material elsewhere. In short, the de- 
signer can use a cheap, simple casting 
but still have the right material at 
the right spot. It follows that grey 
iron castings then have a much wider 
field of application. Design possibili- 
ties using this type of construction 
have scarcely been considered. 

The silver brazing of ordinary cast 
iron has heretofore been considered 
commercially impractical. Scale graph- 
ite and sand inclusions on the casting 
surface prevent a firm, uniform bond. 
To obtain a strong joint, it is neces- 
sary to remove all dirt, grease, and 
oxide from the surface, as well as 
graphitic inclusions, combined carbon 
and sand. There has been no good 
way of doing this surface prepara- 
tion until a wartime development was 
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put into widespread commercial use. 

By a combined cleaning and sur- 
face preparation process, machined or 
unmachined cast iron surfaces can be 
fixed to accept silver brazing. The 
resultant bond, shown in Fig. 1, has 
as great strength as the parent metal. 


Surface Preparation 


The process is carried out by sus- 
pending the parts in an open container 
of catalyzed molten salts, through 
which an electrical current is passed. 
Surface impurities are removed by 
the formation of oxidation and reduc- 
tion members as the direction of cur- 
rent flow is reversed. 

The surfaces are then fluxed with 
AMS 3410 and silver brazed with 
AMS 4770 in the usual manner. 
Fig. 2 shows the type of bond result- 
ing between steel, grey iron and silver 
brazing material. Because of its low 
surface the alloy (tinning 
metal in this case but equally true of 
silver solder) has penetrated into the 
microscopic apertures from which sand 
and carbon were removed, thus form- 
ing a uniform and tenacious bond be- 
tween the two materials. 

Given a practical technique for 


tension, 
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silver brazing cast iron, what are the 
design possibilities ? 

Some proven advantages of using 
this process are as follows: 

1. Dissimilar metals can be brazed 
to cast iron where desired. This re- 
sults in a structure having the basic 
simplicity of an iron casting with the 
advantages of special properties at 
necessary points. Cast iron can be 
silver brazed to iron, steel, stainless 
steel, Monel, Inconel, Everdur, cop- 
per-nickel alloys, chrome-nickel alloys, 
brass, bronze and many other alloys. 

2. Intricate forms can be built up 
from simple castings silver brazed to 
each other or to other metals. Also 
assemblies can be made of castings 
brazed to standard forms such as 
seamless tubing, angle iron and chan- 
nels. 

3. Simple castings can be machined 
easily before final assembly, then silver 
brazed together in fixtures so as to 
hold desired overall dimensions. If 
high-temperature brazing were used, 
the work might have to be machined 
after assembly because of heat distor 
tion. Fixtures and machining would 
then be more complicated. 

4. Foundry work can be simplified 
by making an intricate casting in 
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Fig. 3—(Left) An early (1938) attempt at creating a sodium cooled piston 
through hydrogen-copper brazing. Unsuccessful because of uneven contact 
(Right) The same sodium-cooled piston with the 
redesigned for silver brazing has the required contact. 


between steel and iron. 
construction 


Brazing of Cast Iron 


Fig. 4—The photograph has been retouched 
to show clearly how the silver brazing alloy 
flows by capillary action, filling every por- 
tion of the joint between the two materials. 


' HAROLD FRICK 


Chief Engineer, Kolene Corporation 


Joining cast iron to metals at temperatures that do not cause warpage. Built-up construc- 
tions and simplified castings are suggested. Good practice in joint design is discussed. 


several parts to reduce coring. These 
parts are then assembled by silver 
soldering. Automotive engine blocks 
and heads can be and have been de- 
signed with this objective. 

5. Machining in blind holes and 
narrow passages can be avoided by 
making the casting in two parts so 
that the machining will be done on an 
open face. After machining, the parts 
are sandwiched with a thin sheet of 
silver alloy between them and heated 
until the assembly is brazed together. 
This method reduces production cost. 

In combination, these methods offer 
many possibilities for improving prod- 
ucts and reducing foundry and ma- 
chining costs. 


Examples 


Compounp ConsTRUCTIONS. A so- 
dium-cooled steel aircraft piston was 
assembled to grey iron inserts by hy- 
drogen brazing. Though the brazing 
was successful, it was expensive. 
Worse, the high temperature of the 


brazing operation changed the metal- 
lurgical structure of the grey iron 
so that it had undesirable bearing 
characteristics. Therefore the proj- 
ect was shelved. Later a sodium- 
cooled piston, having a cast iron body 
with steel inserts was desired for an 
unusual duty. Assembly by brazing 
seemed to be the logical solution but 
it was not considered a reliable proc- 
ess. The design in Fig. 3 (left) was 
evolved using a cast iron body with the 
sodium in a wrought steel capsule as- 
sembled by hydrogen-copper brazing. 
The capsule was then shrunk into the 
cast iron body. As might be expected, 
the uneven contact between capsule 
and body gave uncertain heat transfer 
and resulted in variable cooling char- 
acteristics. Although the design per- 
formed passably in World War II, 
it was evident that to secure highest 
thermal efficiency, the sodium should 
be in direct contact with a portion of 
the cast iron piston body. 

A revised design, Fig. 3 (right) has 
been planned for silver brazing As- 
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semblies produced thus far are sound 
and pressure tight because of the thor- 
oughness of the bond. 

To produce the piston the casting 
is roughed out all over, including pin 
bosses and ring grooves. Surfaces to 
be brazed are finished to size. All the 
parts are given the surface-prepara- 
tion in a 850 F molten salt bath. 

Complete rings of commercial sil- 
ver brazing alloy wire, melting be- 
tween 1,100 and 1,200 F are installed 
at points 4, B, and C. Short pieces 
are placed at point D. The surfaces 
where a silver alloy bond is desired 
are fluxed with a commercial low 
melting flux. The assembly is then 
placed crown downward and heated 
to 1,450 F in an electric furnace. A 
city gas atmosphere is used to avoid 
scaling. Fig. 4 shows a half section 
through the finished product. 

Thus from a simple casting and 
silver brazed inserts, a sodium cavity 
has been created. To produce this 
cavity by coring in a single casting 
does not appear to be commercially 
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Fig. 5—A standard 6-cylinder 
engine block in cross-section. 
Coring cleaning are difficult. 


practical. This design is illustrated, 
of course, to show the possibilities of 
silver brazing rather than the design 
of a piston or type of piston. 


SIMPLIFIED CastTiNGs. Removal of 
cores in complex castings is often dif- 
ficult and may be incomplete. In 
water jackets, an incompletely re- 
moved core may lead to cooling trou- 
bles. In engine blocks where cylinders 
are closely spaced it may be impossible 
to core a water space between them. 
Such siamesed barrels are undesirable 
from the casting standpoint and also 
have objectionable effects on piston 
and rings because of uneven cooling 
around the cylinder walls. It would 


Handy 


Harmon, N. 


Fig. 8—Steel tubes are silver brazed to 
a malleable iron header in a portion of 


this barracks heating equipment. 
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built-up construction. 


Fig. 6—The same block bored out for redesign as a_ Fig. 


be to the advantage of designer and 
foundryman to design the cylinder 
barrels to be brazed as an open block. 
In Fig. 5 is shown a common 6-cyl, 
L-head engine block cut to show the 
complexity of the casting and difficult 
coring problem. Fig. 6 shows this 
block bored out, machined and pre 
pared for the silver brazing of sepa- 
rate barrels. In Fig. 7, the block has 
been cut away after silver brazing. 
The photograph was retouched to 
show the effectiveness of the bond. 
Some designers question exposing 
silver brazed parts to flame. This can 
be answered solely in terms of tem- 
peratures. If parts are water cooled, 
no trouble should occur. The melting 


Fig. 9—Diesel engine cast iron fittings above are 
silver brazed to steel tubing. The joints are 


stronger than cast iron fittings. 
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The foundry problem and 
inspection are much simpler in this construction. 





7—After silver brazing 
separate sleeves in place. Uni- 
form jacketing is now assured. 


points of silver brazing alloys are not 
far from those of aluminum alloys, 
which have been successfully used. 
On the other hand, exhaust manifolds 
that reach 1,300 F in service should 
not be silver brazed. 


OTHER Constructions. Many other 
economical and simplified designs are 
possible through silver brazing cast 
iron. Some commercially proven con- 
structions, illustrated in Figs. 8 
through 11, indicate applications. 


Designing the Joint 


Joint CLEARANCE. The critical fac- 
tor in joint strength is the amount of 
clearance. The chart in Fig. 12 shows 





Handy Harmon, \. >. 
Fig. 10—The steel sprocket 
is silver brazed to a cast 
iron hub on this 


part. 
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the relation of joint thickness to 
tensile strength. To obtain the rela- 
tive strength of thick and thin joints, 
the material had to be sufficiently 
stronger than the brazing alloy to 
insure that the break would always 
some in the joint. The stainless steel 
had a tensile strength of 160,000 psi 
and the alloy, in 1/16 in. dia wire. 
had a tensile strength of 62,000 psi. 
At one thickness, joint strength was in 


excess of 130,000 lb per sq inch. 


No entirely satisfactory explanation 
ot the cause of this greatly increased 
strength in thin joints has been found. 
Microscopic examination of the joints 
does not show that the diffusion of 
the silver alloy and the steel was of 
sufficient depth to affect over 5 per- 
cent of the thickness of the alloy. 
Diffusion alone, therefore, does not 
explain the phenomenon. The theory 
has been advanced that the limited 
area in a thin joint prevents free move- 
ment of the atoms in the brazing 
alloy in the direction of the tensile 
stress. Therefore the force required 
to produce rupture is greatly increased. 
Microscopic examination of the joints 
after testing shows that the brazing 
alloy has pulled away around the 
edges of the joint before breaking. 
This emphasizes the importance of 
bringing the joint members to a tem- 
perature that will insure a good bond 
with the brazing alloy. 
the 


It also em- 


phasizes importance of clean- 








ing the surface to receive the alloy. 

In making a lap joint, a rule of 
thumb measure is to lap metals a dis- 
tance of three times the thickness of 
the thinnest member. For example, to 
join a piece of metal 1/16 in. thick 
to a piece 14 in. thick, lap should be 
3/16 in. long. This would give a 
joint of a higher strength than the 
strength of the 1/16 in. piece. 

As for proper tolerances to use on 
any of these types of joints, a space 
of 0.0015 to 0.003 in. between joint 
members produces the strongest joints. 
On small size tubular joints of about 
Y%4 to \% in. dia tubing these toler- 
ances are easily held. The tolerances 
on larger size tubing would have to 
be greater. For example, on 24 in. 
dia tubing, a space from 0.010 to 
0.015 in. or even 0.020 in. may be 
needed between the two members be- 
cause of mechanical difficulties in 
fitting such large sections. 


Joint Typss. Three types of joints 
are in general use—butt, scarf and 
lap or shear. The lap or shear type 
joint is generally recommended, al- 
though the others can be used satis- 
factorily under some conditions. Fig. 
13 shows some commonly used joint 
designs. 


Butt Joints. There are some ap- 
plications where the double thickness 
of a lap or shear type joint is unde- 
sirable. Here properly made butt 


joints can be used with good results, 
providing a few precautions are taken. 
The surfaces to be joined should be 
machined and even. 
When pressed together, the parts must 


cut or square 
provide the close clearance required 
to make joints of maximum strength. 
Joints of this design made under pro- 
duction conditions are strong and re- 
liable if the parts are jigged so that 
clearance will 
entire area. 


be uniform over the 


ScaRF Joints. ‘These are a special 
form of butt joint in which the sur- 
faces to be joined are at angles of less 
than 90 deg to another surface of the 
parts to be joined. This type of joint 
is used widely in fabricating copper 
vessels and pipe and for such work as 
joining band saws. It provides high 
strength without making joint thick- 
ness greater than that of the metals 
joined. Joints are readily held in place 
by clamping while brazing. 


SHEAR Typg or Lap Joints. These 
are the most satisfactory joints be- 
cause any desired factor of safety can 
be incorporated by varying the lap 
shear area. This type of joint also 
offers better resistance to corrosion, 
since only a small area of brazing 
alloy is exposed. In adjoining flat 
parts a little pressure insures com- 
plete bonding. In shear joints that 
include tubular members, pressure 
cannot be applied and therefore cor- 
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Fig. 
silver brazed to a cast iron tripod leg. The assembly 


is induction brazed. 


11—Cutaway shows where steel tubing is 


Temperatures are moderate. 
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Fig. 12—Clearance is of vital importance in a silver-brazed joint. 
Strongest joints occur with clearances of 0.0015 to 0.003 in. 
Large sections may require 


larger clearances for production. 
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Fig. 13—Good and bad practice in oint design. Essential point is to keep clearances small and uniform throughout the joint. 


rect clearances for capillary action 
are the critical design factors. 

The depth of shear required will 
vary according to the strength of the 
metals being joined and the factor 
of safety wanted. The method for 
computing the shear area is discussed 
in an article in Propuct ENGINEER- 
ING, June 1945, p. 412. 


Joint Cost 


It is frequently assumed that silver 
brazing is an expensive process be- 
cause the cost of silver alloys is often 
about ten times that of 60 copper 
40 zinc alloys. 

A true picture of costs cannot be 
gained by comparing the cost of braz- 
ing alloys per pound or ounce. The 
only accurate basis is to compare the 
cost per joint in production. Braz- 
ing alloy costs are but part of total 
costs and often a surprisingly small 
part. Labor and materials, including 
gases, metals, production rates, clean- 
ing and finishing expense are also 
important factors. 

Production brazing must be per- 
formed, for safety’s sake, at about 
150 F above the brazing alloy melt- 
ing point. Minimum operating tem- 
peratures then become about 1,325 F 
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for silver alloys and 1,800 F for 
60-40 alloys. A brazing tempera- 
ture of 1,800 F for a complex iron 
casting is often not allowable because 
of distortion, softening and deteriora- 
tion in properties. 

Apart from warpage, the costs of 
heating from 1,325 F to 1,800 F are 
considerable. Not only does the 
extra heat cost money, but the initial 
cost of the higher temperature fur- 
nace is greater than for the lower 
temperature furnace. 

It takes less time to heat silver al- 
loys to 1,300 F than to raise other 
brazing alloys to their flowing points. 
Fast penetration also speeds up the 
actual making of a joint. The time 
savings mean lower labor expense 
and less gas consumption. Thin 
films of alloy 0.001 to 0.003 in., with 
no need for large fillets, keep brazing 


costs per joint at a low figure. Be- 
cause silver alloy joints are so strong, 
the lap required by other methods 
often can be reduced. ‘This saves 
metal, which is important when join- 
ing copper or an expensive alloy. 
Where joint appearance counts, sil- 
ver alloy brazing keeps finishing ex- 
penses low. The fine line or small 
smooth fillet at the joint often needs 
no more than a final polishing. When 
properly applied, joints are free from 
gas pockets or flux inclusions. This 
reduces rejects to a minimum. 

Based on prices as of February 
1947, a brazing alloy containing 50 
percent silver sold for 46.25¢ per 
oz. in lots of 10,000 oz. and in the 
form of * in. wire. One troy ounce 
of this size contains 26+ in. of wire. 
Thus an insert ring for a 1 in. dia 
tube joint costs about half a cent. 


In 1798 it was inconceivable that guns could be made in any other way than 








by laborious handwork. Each complete gun was made as a separate unit, no 
two of which were ever the same. Eli Whitney was convinced that by making 
each part of a large order of guns alike, there could be interchangeability 
and low cost. To prove his contention, he took the parts ef ten muskets to 
the War Department, and after spreading them out, chose the different parts 
at random and assembled ten muskets. It was an amazing feat. The officials 
were astonished to see the possibility of each musket identical with the others 
Whitney completed a contract for 10,000 muskets in the year 1808. Thus 
began the principle of mass production of identical interchangeable parts. 
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Lightweight High Pressure Hydraulic Systems 


Foreign abstract condensed from the ''De- 
velopment of Ultra High Pressure Hydraulic 
Systems” by S. M. Parker, presented before 
the Institution of Mechanical Engineers, Jan- 
uary, 1947. 


THE FOLLOWING DEFINITIONS are sug- 
gested as descriptive of this equipment: 
up to 500 lb. per sq. in., low pressure; 
500 to 1500 |b. per sq. in., medium pres- 
sure; 1500 to 3000 lb. per sq. in., high 
pressure; 3000 to 5ovo Ib. per sq. in., 
ultra high pressure. The first three 
ranges are in common use, but in the 
lighter forms of engineering the ultra 
high pressure range has hardly been 
used at all. Ultra high pressure offers 
possibility of reducinz weight and bulk 
without departure from _ necessary 
standards of reliability, ease of main- 
tenance and cost. 


Temperature Range Required 


A figure of 120 deg. C. (248 deg. F.) 
is suggested with suitable adjustment 
of the mean point for different appli- 
cations. In aircraft systems normal 
operation must be achieved between 
158 deg. and —58 deg. F., in industrial 
applications maximum temperature may 
be 212 F. with lower temperatures 
correspondingly reduced. Even for 
automobile work, assuming the same 
fluid for all climates, little reduction is 
possible. To meet these working tem- 
peratures it is desirable that variation 
of 36 deg. F. either way should not 
cause complete stoppage of the system 
even though it may work less efficiently. 
At the highest temperature the fluid 
must not vaporize appreciably, nor 
must its lubrication properties fall 
below the minimum necessary in a 
power pump; at the lowest temperature 
its viscosity must not rise to a point at 
which transmission losses become un- 
acceptably high. 

Hydraulic systems have a property 
that is different from electrical and 
mechanical systems, and that has a most 
important effect on the above problem. 
At peak load, when pressure from the 
power source is just slightly greater 
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than pressure required by the hydraulic 
motor, flow will be at a minimum and 
transmission efficiency approaches 100 
percent. Therefore, high average 
losses in hydraulic systems are tolerable 
and sometimes even desirable to achieve 
a simple form of speed regulation, 
because they disappear at peak loading. 
This feature provides flexibility and 
ability to withstand overload. If the 
system is supplied with a constant 
pressure, an average balance of 40 
percent will be available to overcome 
mechanical friction, to provide the 
necessary acceleration of masses, and 
to allow for line loss. By careful 
design, friction losses can be kept at 
less than 5 percent and often as low 
as one percent. The acceleration forces 
involved in moving masses of a few 
hundred pounds through only a few 
feet in several seconds are practically 
negligible and, therefore, practically the 
whole of the 40 percent is expended in 
line loss. In a high-pressure system 
losses in the order of 1000 lb. per sq. 
in. in pipe sizes of 0.2 in. dia. and in 
circuits 10 to 20 ft. long, limit fluid 
viscosity to a maximum of 500 to 1000 
centistokes; this viscosity being ap- 
proximately that of medicinal castor 
oil at room temperature. In an ultra 
high-pressure system the percentage of 
line loss can remain the same, and the 
loss per foot of run be almost doubled, 
thus permitting smaller bore sizes, but 
not affecting to any appreciable extent 
the permissible viscosities. The engi- 
neer desires a fluid that changes 
viscosity to the least possible extent 
over the working range of tempera- 
tures. At present a change of at least 
a hundredfold has to be accepted. One 
of the new silicone types, now in the 
early stages of development, has a vis- 
cosity change that is only about ten fold 
and thus offers great advantages. 

The upper limit of use of a fluid is 
determined by the vaporizing point of 
the most volatile constituent. In min- 
eral oils this is generally a small 


percentage of the volume, and in castor 





base fluids it may be as high as 80 
percent. Therefore, with castor base 
fluids it is desirable to have a -nargin 
of about 72 deg. F. between operating 
temperature and vaporizing point. 
The fluid having the lower viscosity 
is not always best from a transmission 
efficiency viewpoint. In the high-pres- 
sure system used in aircraft, losses 
with mineral oil at 20 centistokes are 
much the same as for castor base fluid 
at 10 centistokes, because the former is 
still laminar flow while the latter has 
become turbulent. The use of ultra- 
high pressure will not affect greatly 
this relationship, but if electrical 
control circuits make hydraulic systems 
more compact, the length of piping will 
be reduced. Since there is no purpose 
gained in reducing line losses below a 
quite substantial level, it is inevitable 
that large increases in linear rates of 
flow will take place. Then both mineral 
oil and castor base fluid will give 
turbulent flow, and viscosity will be of 
greater importance. At lower tempera- 
tures in particular, there will be a big 
advantage for the least viscous fluid. 


Pipe Materials 


On a strength/weight basis, alumi- 
num alloy is to be preferred, but it is 
not sufficiently ductile to permit the 
reliable use of flared fittings, and it is 
too soft to give good security with 
compression type fittings. Technical 
improvements in such alloys or the use 
of magnesium may in time alter this 
position, but for the immediate future 
steel pipe will continue to give good 
service in ultra high pressure systems 
because the security it gives either with 
compression or flare joints is second to 
no other material. The flared joint 
now used was originally designed for 
low-pressure work and will not, in its 
present form, provide adequate 
strength. The redesign of hydraulic 
fittings will be necessary. 

Control valves are mainly of the 
poppet valve or slide-valve type. With 
the former, the difficulty lies in balanc- 
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ing the hydraulic load sufficiently to 
make manual operations or remote 
operations reasonably light, and in the 
mating materials soft 
enough to provide a good seal at low 
pressure and of adequate strength at 
high pressures. 

Static balance is easily achieved with 
slide valves of the piston type, but 
dynamic out-of-balance effect and what 
may be termed power filtration, or the 
wedging of small impurities in the fluid 
into the working clearances, will be 
more noticeable. In _ replanning the 
hydraulic system, electrical remote con- 
trol will greatly reduce weight and 
this result completely swamps the more 
modest gain that results from the use 
of ultra high pressure. A saving of 4 
to § percent of the total system weight 
should be achieved in transmission and 
controls. 


choosing of 


Power Generation 


Development indicates that a figure 
of 2 hp. per lb. can be achieved at 5000 
lb. per sq. in. with the same minimum 
weight of 5 lb. The best design of 
hydraulic pumps should have an overall 
mechanical to hydraulic conversion effi- 
ciencv of better than go percent. It 
should be possible to reduce consider- 
ably the volume of fluid carried in the 
supply tank and this will be the greatest 
contribution towards decrease of weight 
and bulk that can be derived from 
increased pressure; approximately 3 
percent of system weight. 

Present high-pressure equipment at 
2500 lb. per sq. in. has little to spare 
in the way of reliability if it is coupled 
with high efficiency. As pressures in- 
creased jack diameters decrease in pro- 
portion and piston rods which must be 
considerably smaller than jack diameters 
decrease also. A point is reached where, 
even if they are solid they fail to pro- 
vide adequate strength. This will af- 
fect the length of piston rods and users 
of hydraulic equipment may not be 
willing to accept the reduced jack travel. 

Frem the functional standpoint the 
major problem is that of suitable seal- 
ing, particularly the moving seals. It 
is not the function of a seal to prevent 
any passage of fluid, because parts mov- 
ing under heavy loads cannot work 
continuously without lubrication. It is 
imperative to recognize that seals must 
permit the passage of a minute, but 
finite film of lubricant. Yet this must 
be controlled so that it cannot be termed 
a leak. At 2500 lb. per sq. in. and over, 
working pressures are in the same 
order as the rupturing strength of the 
material being used, so that a seal 
good enough to prevent lubrication will 


134 





























| 
! 
a fr 
or om 
Iressure 
| » tank | if ss 
i Ss upply 
| ! ) 
! 
| 
- - 
ae 
° ° ) 
w | \ J 
ry P | y . . 
Ais He of jack “This side of jack 
nnected alternatel permanenty con- 
to pressure supply or nected fo pressure 
return to tank supply 





Fig. 1—Diagram of suggested hydraulic 
pack of improved dif design. 


suffer additional friction effects that 
are additive to its direct loading. It 
will lead to rapid disintegration. Ex- 
trusion effects which are not unknown 
with stationary seals at high pressures 
indicate the small margin of strength 
possessed by many rubber compound- 
ings. Fabric reinforcement helps, but 
frequently this increases friction and 
thus a vicious circle is completed, often 
inacceptable for sensitive mechanisms. 
The solution may be to accept a small 
but finite leak to achieve lubrication 
and to add a low pressure seal between 
the leak and atmosphere. But the struc- 
tural strength of a jack must be con- 
sidered first. Tensile effort of the 
jack should not be less than 75 percent 
of its extending thrust. This limits the 
diameter of the piston rod to a maxi- 
mum of half the diameter of the jack. 
The stroke/bore ratio required at 2500 
lb. per sq. in. varies between 4 to 1 and 
6 to 1 for small jacks and up to 8 to 1 
and occasionally 10 to ¢ for large jacks. 
It is one that offers the user at least 
6 to 1 without appreciable weight 
penalty, and 8 to 1 if the penalty is 
accepted. The piston rod will, there- 
fore, have a ratio that is twice this 
figure, namely 12 to 1 and 16 to 1. 
To utilize material efficiently the sec- 
tion thickness should not normally ex- 
ceed 10 percent of the diameter with 15 
percent maximum. Allowing a working 
factor of 2, the crippling loads cor- 
respond to a working pressure of 2600 
lb. per sq. in. for a 6 to 1 stroke bore 
ratio jack. Thus it is clear that a 
working pressure in the region of 5000 
lb. per sq. in. is not possible. There is 
a solution if the size of a jack for a 
2500 lb. per sq. in. system is retained 
for a 5000 lb. per sq. in, system. 

If both sides of the jack are con- 
nected to the pressure source, the jack 
will extend against a force equivalent 
to the difference of areas of the two 
sides; or the area of the piston rod. 
Thus rod diameter can be increased 
by 50 percent, thereby allowing more 


efficient use of material. At 5000 Ib. 
per sq. in., the piston rod will be lighter 
than at 2500 lb. per sq. in. The cyl- 
inder tube will be somewhat heavier, 
but other parts will not be affected 
greatly. This arrangement allows the 
mounting of a control valve on the 
jack itself and the valve only controls 
flow to or from one side of the jack, 
since the other side is constantly con- 
nected to pressure. It is apparent that 
the flow in each line is unidirectional as 
shown in Fig. 1 and one line only is 
subject to full pressure. The return 
line can be of reduced thickness as it 
deals with low presures only. It is 
doubtful that ultra high pressure will 
show weight savings in the jack itself, 
but savings in other parts of the system 
should show a net of 5 percent over a 
high pressure system. This design of 
jack, having a permanent low-pressure 
line attached, lends itself particularly 
to the gland arrangement mentioned 
previously. Leakage from high pres- 
sure seals can easily be taken away 
without extra piping. 


Conclusion 


None of the savings mentioned in the 
three sections is of spectacular size. 
but in the aggregate pressure increases 
from 2500 to 5000 lb. per sq. in. in 
light hydraulic systems would reduce 
the weight of aircraft equipment by 
about ten percent. This is not to be 
confused with a further saving of the 
same order that should arise from more 
intelligent planning of the system as 
a whole, irrespective of the pressure. 
The size of components and pipes would 
be appreciably reduced and reliability 
should not be decreased. In the au- 
thor’s opinion light hydraulic engineer- 
ing has reached the stage where in- 
decision is indefensible. 


Thermoplastic Laminates 


From "Thermoplastic Laminates” by R. J. 
Metzler and L. T. Barnette, Hercules Powder 
Co., presented at Pacific Coast Section, So- 
ciety of the Plastics Industry, March, 1947. 
CELLULOSE-DERIVATIVE LAMINATES make 
up a family of products rather than a 
single product. The properties can be 
varied over a wide range from flex- 
ible to rigid, depending on the type 
and amount of plasticizere used. Fur- 
ther variations can be made through 
use of fillers or reinforcements selected 
from a broad variety of available fab- 
rics and textiles. 

The cellulose-derivative plastics are 
known for their extreme toughness. 
Their strength generally is doubled on 
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lamination with fabrics. By selecting 
special textiles such as glass for lami- 
nation, the impact strength of the base 
cellulosic plastic can be tripled and in 
some cases quadrupled. Color possi- 
bilities, as in’ molded articles, are un- 
limited when the binder is based on 
either cellulose acetate or ethyl cellu- 
lose. Printed textiles, for example, can 
be embedded in a clear laminate to 
create decorative effects. 

Another feature of these materials 
is the ease with which finished articles 
can be fabricated. Heat-forming and 
deep-drawing from flat sheets without 
complex or expensiv? equipment are 
possible. Since these materials can be 
either solvent-sealed or heat-sealed, 
operations such as drilling, punching, 
and riveting are not usually required, 
although they can be performed readily 
if desired. No additional protective or 
decorative coatings are required because 
of the color and finish of the laminate. 

The effects of various textile fillers 
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on the properties of cellulose acetate 
laminates made by the heat and pres- 
process have been studied. The 
plastic composition and the ratio of 
plastic to cloth were held constant. The 
results obtained indicate that cloth when 
used as a reinforcement gives greatly 
added strength and that the type of 
fabric used can have a definite bearing 
on the properties of the laminated 
structure. Glass fabric yielded an in- 
teresting laminate. Extraordinary high 
impact strength was combined with 
high tensile strength, high elastic mod- 
ulus, and relatively low water absorp- 
tion. 

The laminate based on kraft paper 
had unusual strength properties, when 
compared with other cellulose-deriva- 


sure 


tive laminates, with the exception of | 


impact. However, this value was good 
when compared with similar values for 
paper-base phenolics. These were all 
edgewise determinations, and would 
have been much higher if flatwise speci 


mens had been tested. Asbestos paper 
gave a laminate with properties re- 
markable in many respects. An elastic 
modulus of nearly 2,000,000 lb. per sq. 
in. was significant. 

An interesting characteristic of these 
materials is the high energy absorption 
they exhibit. Very little vibration is 
transmitted by or through the lami- 
nates. In addition to versatility of 
color and of fabrication, the physical 
properties can be varied over an ex- 
tremely wide range by proper selection 
of laminating materials. 

Suggested uses for thermoplastic 
laminates are: Suitcases, electrical hous- 
ings, portable and experimental loud 
speaker housings and _ miscellaneous 
cases, large spheres (10 feet in di- 
ameter), expendable gas tanks, air 
vents and fairings for airplanes, inside 
refrigerator panels, automotive arm 
rests, automotive seat trim, automotive 
door panel bases, sun visors and busi- 
ness machine covers. 





Lead, Zinc, and Tin for Coating Metals 


From a paper “The World Situation on 
Coating Materials, Lead, Zinc, and Tin" by 
C. A. Ilgenfritz, vice president of Purchases 
United States Steel Corp. of Del. presented 
May 21, 1947 before the American lron & 
Steel Institute, New York, N. Y. 

Suppuies of the three principal coating 
metals used in the steel industry—lead, 
zinc, and tin—are today high on the 
list of hard-to-get metals. Relief 
cannot be expected until supply and 
demand are in balance, and many fac- 
tors are involved in shaping the answer 
as to how soon this balance will be 
attained. The following conditions are 
world-wide in scope. 


Leap. Lead ore is produced principally 
in the United States, Canada, Mexico, 
Australia, Germany, and Burma. It is 
reported that the United States has 
approximately 14 per cent of the 
world’s lead-ore reserves which, it is 
estimated, will last oniy 12 years based 
on the 1935-1939 annual rate of con- 
sumption. 

Supplies of lead have been very 
precarious since the end of the war and 
are extremely critical now. Facing 
heavy reconstruction needs, Western 
Europe could not draw on its normal 
pre-war sources, Silesia and Jugoslavia, 
whose entire output now goes to Russia. 
As a result, this requirement was trans- 
ferred to mines in Australia and the 
Western Hemisphere. This sharply 


affected United States lead imports, 
which were considerably less than in 
1945, most of the tonnage coming from 
Mexico, Canada and Peru. Australian 
lead, shipped here during the war went 
to Great Britain in 1946. 

Refinery capacity at the close of 1940 
Was 2,200,000 net tons outside and 
1,068,000 net tons inside the United 
States. Five years later capacity here 
had dropped to 975,000 net tons, with 
Missouri alone accounting for about 24 
percent. Since 1939, there has been 
very little new plant construction here, 
while some of the foreign producing 
units suffered heavily during the war. 
This was especially true of the famous 
Baldwin Zinc-Lead Mine and Smelter 
in Burma, which had produced 75,000 
tons of lead per year before the war. 


ZiNc ores are found in various parts 
of the world, principal producing coun- 
tries being United States, Canada, 
Mexico, Australia, Germany, Italy, and 
Newfoundland. All these, except 
Newfoundland, operate distillation or 
electrolytic zinc plants. 

The United States is credited with 
approximately 19 percent of the world’s 
zinc-ore reserves. It is estimated these 
reserves will last 19 vears at the 1935 
to 1939 annual rate of consumption. As 
with lead, the United States is the 
world’s largest producer of zinc and 
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also the largest consumer of this metal. 

Zinc supplies are tight and likely will 
continue scarce domestic 
consumption stays at the existing high 
level and until production in foreign 
countries picks up. Lack of fuel is 
holding production in Belgium to about 
75 percent and in France and Norway 
to about 50 percent. Higher prices 
abroad are attracting zinc from Mexico 
which normally is shipped to America. 


as long as 


Tin. The United States is not a 
producer of tin ore, but since 1942 
government-financed plant at Texas 
City, Texas, smelts ore from foreign 
countries, mostly from Bolivia. 

Tin ore is found in widely scattered 
parts of the world, but is produced in 
quantities in relatively few countries. 
The principal ore-producing countries 
are Malaya, Netherlands East Indies, 
Bolivia, Nigeria, Belgium Congo, 
China, Siam, French Indo-China, and 
Burma. In the five year pre-war 
period, 1935-1939, Malaya accounted 
for about 33 percent, Netherlands East 
Indies about 18 percent and Bolivia 
about 15 percent of the world’s supply 
of tin contained in ore. In some in- 
stances, smelters are located in close 
proximity to the ore deposits, whereas 
in other instances the ore is transported 
quite a distance. As an example, 
Bolivia, which has no smelting capacity, 


135 








ENGINEERING ABSTRACTS 








ships her entire production of tin ore 
to other countries, principally to the 
United States and England. 

World tin production is improving, 
but progress will be slow. The 1947 
output is estimated at 50 percent of the 
pre-war rate and, while 1948 should 
show continued improvement, full pro- 
duction is not expected before 1949. 
Meanwhile, it probably will be neces- 
sary to continue some restrictions on tin 
uses to insure supplies for the more 
essential needs. 

Most of the world’s production of 
tin is used for coating materials by the 
hot dip or the electrolytic process. The 
trend is strongly upward in the produc- 
tion of electrolytic tin plate in the 
United States. Last year about 36 
percent of the tin plate produced here 
was by the electrolytic process and 64 
percent was hot dipped. <A projected 
estimate indicates that by 1950, electro- 
lytic tinning may increase to about 66 
percent with hot dipped dropping to 
about 34 percent of the total coated 
products made. Tin is also used in 
the manufacture of solder, babbitt, 
bronze, collapsible tubes, and a number 
of other important commodities. 

Before the war, United States manu- 
facturers used 39 percent of the world’s 
total production of primary tin, and of 
this amount about 53 percent was for 
protective coatings. On a non-restric- 
tive basis, it is estimated tin users here 
will require 85,000 gross tons while 
world requirement will be 195,000 
gross tons of primary tin annually. 
Some reported figures sound fantastic, 
such as the one that world tin con- 
sumption may some day reach 250,000 
tons annually. World production of 
primary tin in 1946 was some 87,000 
gross tons and consumption was 115,000 
gross tons. 

Stocks in the United States held by 
private industry and the government 
declined approximately 14,000 _ tons 
during 1946. There will be a further 
decline this year. Even if controls are 
continued, indications are that govern- 
ment reserve stocks, exclusive of those 
held for permanent stockpiling, will be 
exhausted by the end of 1947. It is 
anticipated that world stocks will reach 
a low of about 40,000 tons by January 
1, 1948. There will be a slight im- 
provement during that year and the 
stock on January 1, 1949, should be 
about 48,000 tons. It will probably be 
a year later than that before we have 
a good world-wide supply. The prog- 
ress made in rehabilitating the tin-pro- 
ducing countries in the Far East will 
determine how soon we shall return to 
a normal position in the United States. 


136 


Characteristics of Welding Tools 


From “Electrical Characteristics of Resist- 
ance Welding Tools” by E. M. Callender, 
The Budd Company, presented at A.I.E.E., 
Jan. 1947, New York, N. Y. 


Time saving methods of measure- 
ment and calculation of resistance weld- 
ing tools have been developed, espe- 
cially for non-standard type portable 
welding guns. Electrical characteris- 
tics affect: (1) The kva at an installa- 


tion, (2) required secondary voltage of 
the welding transformer, and (3) efh- 
ciency of the tool, and tabulated results 
include typical measurement data, de- 
tailed results of tool measurements, and 
comparison of measured and calculated 
values. 

By practical necessity the average re- 
sistance weld is made in a lengthy looped 
circuit that gives rise to high kva de- 
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Fig. 1—Typical large size welding tool of stainless steel with copper bus inside. 
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Fig. 2—Cross sections of different welding arms composed of various materials. 
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Table I—Electrical 


Resistivities of Welding Tool Materials 





Room Temperature, 


Resistivity at 
Magnetic 


Microhm—cm? Susceptibility * 








Welding Tool 
Material 

Elkaloy A 

ie te ovine ala 2.05 
Mallory 3 

OSE ee: 2.35 

Ne et) in aac ial a 
Mallory 53 

SM oo os ed Pern id SS yk 4.3. 

ASE EES rer eerie gts 4.3. 
Mallory 73 

Cast ae at a atc has Vk a. ad ng 8.6 

Ee ere ern fa 
Mallory 100 | 

siete e >. cutis vera apie vem eae | > B. 

NS tcl piace wicbate aie 3.45 
Copper 

Ey ree meee | 2.15 

Se eee Les 


Typical high tensile maganese bronze. ‘ 12.5 





Diamagnetic 


Paramagnetic 
Paramagnetic 


ee ccathaat tas seas teno | 
ee eee 
. 

.| Paramagnetic 
Paramagnetic 


Diamagnetic 
Diamagnetic 


Paramagnetic 
Paramagnetic 


Diamagnetic 
Diamagnetic 


percent conductivity in| 





percent [ACS 


Typical aluminum bronze (equal to} 12.2 
ampco 18) | 

Typical aluminum bronze (equal to| 10.2 
ampco 21) 


percent conductivity in} 


percent [ACS 


percent conductivity in 


percent IACS | 





Other materials used for spot welding electrodes for high resistance 
projection welding, flash welding and butt welding dies. 





work sheets, or for 





Elkonite Grade 





I echt ies cits esas teas 5.75 
RS ci 6 ha fai debra Gg kicaoe shir Silgtbeane 5.95 
I Siitinina anise”. < densa eima oe 
EE ee ener 6.15 
SRS Rest werner rr gape 3.65. 
Nk ab atai a ines eed cain ee oe 
kino cd snamiennmukannt 8.6.. 


Paramagnetic 
Paramagnetic 
Paramagnetic 
Paramagnetic 
Paramagnetic 
Paramagnetic 
Paramagnetic 








* Essentially the permeabilities are in the order of unity for these materials. 

** Electrical resistivity of copper castings varies rather widely and is dependent upon the 
degree of deoxidation, type of deoxidizer, and the amount of residual deoxidizer in the casting. 
The value given is typical of a so called high quality casting. 





mands, low power factor, and large in- 
efficiency. The load itself, comprising 
two or more pieces of relatively thin 
sheets to be welded, is frequently an in- 
significant part of the total secondary 
circuit resistance. The characteristics of 
permanent type welders are available 
from the manufacturer in many cases. 
However, the welding engineer, both 
designer and user, often has a vital in- 
terest in the large class of welding tools 
known as portable welding guns, whose 
installations include water-cooled cables 
of four to twenty (or more) foot 
lengths. The reason these cannot be 
standardized is that a vast number of 
specialized yokes (welding arms of such 
guns), such as shown in Fig. 1, are re- 
quired to reach into all the spots that re- 
quire welding by the builder of large 
sheet structures. The impedance of the 
welding transformer secondary circuit 
is vital both to users who must select 
the proper rated welding transformer 


for the job and to designers who seek to 
provide better efficiencies and power 
factor loads. The values 
Table I also are significant. 

Compared to the usual highly theo- 
retical calculation of inductance, the 
approximate calculation and semi-em- 
pirical approach is quicker, is accurate 
enough, simplifies the problem imposed 
by variation in cross section of arm, and 
to a degree avoids some of the prac- 
tical errors that creep into a strictly 
mathematical analysis. The system of 
a.c. measurement for determining val- 
ues of low order impedance, resistance, 
and reactance of welding tools and 
cables, is useful in correlating and veri- 
fying calculated values. 

The a-c system of measurement ex- 
plained in the paper provides reasonably 
accurate measurements of the low order 
of impedance, resistance, and reactance 
of cables, of great value in correlating 
the mathematical work. 


shown in 
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Characteristics of Steel 
for Tubular Products 


From "Physical Characteristics of Steel for 
Tubular Products", by A. B. Wilder, Na- 
tional Tube Company presented at the 
June, 1947 meeting of the American Society 
for Testing Materials. 
SOME OF THE FUNDAMENTAL FACTORS 
in steel making that influence the im- 
pact strength and age hardening char- 
acteristics of acid bessemer, basic open 
hearth and certain grades of electric 
furnace steel used in the manufacture 
of tubular products were investigated. 
The tests included grain size determina- 
tions, high temperature tensile tests 
and Charpy impact tests for toughness. 
The steel samples used in the test 
were from commercials heats of steel 
that met the requirements of standard 
A.S.T.M. specifications for tubular 
products. The majority of the tests 
were made using as-rolled pipe except 
for the alloy steels, which had been 
subjected to conventional heat treat- 
ments. The conclusions reached were: 


1. The carburized austenitic grain 
size at 1700 deg. F. was consistent with 
the deoxidation practice employed. 
Capped, semi-killed and _ silicon-killed 
steels had coarse grain structure. Sili- 
con-aluminum killed steels had fine 
grain structure. 

2. Deoxidized acid tessemer steel had 
the highest grain coarsening tempera- 
ture and the most uniform grain size. 

3. Tensile test results at 450 deg. 
F, indicated that as-rolled material 
was susceptible to age hardening. Nor- 
malized deoxidized acid and 
silicon-aluminum _ killed hearth 
steels did not age harden. 

4. The Charpy impact properties of 
deoxidized acid bessemer and silicon- 
aluminum killed open hearth steels nor- 
malized at 1950 F. were superior to 
capped and silicon-killed carbon steels. 

5. Charpy impact properties in the 
as-rolled condition without cold de- 
formation were similar in a tempera- 
ture range from minus 50 deg. F. to 
plus 150 deg. F. for the deoxidized acid 
bessemer, silicon-aluminum killed open 
hearth and electric furnace steels. In 
the noramlized state, 1650 deg. F., de- 
oxidized acid bessemer steel had the 
highest impact strength. 

6. Impact properties after cold work- 
ing pipe in the as-rolled condition were 
similar in the deoxidized acid bessemer, 
semi-killed open hearth, silicon-alumi- 
num killed open hearth and silicon- 
killed open hearth steels. The capped 
steels were at a slightly lower level 
and the electric furnace steels were at a 
slightly higher than the other steels. 


bessemer 
open 
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Fig. 1—Flexible nonmetallic ducts were used for many heating, deicing, defrosting and cooling applications in war aircraft. 
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Air Ducts of Nonmetallic Materials, 


WATSON G. HARDING 
United States Rubber Company 


LIGHTWEIGHT, nonmetallic air 
ducts, widely used in aircraft, are 
presently finding new applications in 
buses, and on 
Automobiles, railway cars and ships 
Originally, 
ducts were 


concur- 


factories machinery. 
are other potential uses. 
nonmetallic 
during the war 
rently with making breathing tubes 
this 
purpose a light, flexible, crush-resist- 
ant tube was required. Wire or 
metal was avoided in the design and 


corrugated 
developed 


of gas masks for horses. For 


8 


only 
to gain lightness in weight but also 


construction of the duct not 
because of the shortage of metals. 
Initially, 
metallic 


flexible sections of the non- 


ducts were installed in 
metal 
ducts to replace flexible metal tub- 
ing. The natural was a 


demand for rigid as well as flexible 


aircraft in combination with 


evolution 


sections so that eventually the air- 
duct systems in many trainers, fight- 
ers, bombers and transports became 
completely nonmetallic. When used in 
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power plant installations, for apphi 
cations such as generator blast tubes, 
these nonmetallic systems proved to 
have a remarkable resistance to fatigue 
from vibration. 

Asbestos, fabrics 


glass or cotton 


depending on the service require- 
ments, combined with synthetic rub- 
bers and synthetic resins are the ma- 
terials commonly used in nonmetallic 
ducts. From them ducts can be made 
that are heat and fire resistant. Fur- 
ther, they have the property of dis- 
sipating rather than transmitting the 
noise Ducts made 
of cotton fabrics can be used where 


the service temperatures do not ex- 


from vibration. 
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ceed 250 deg. F. Ducts made of 
asbestos fabrics can be used for tem- 
peratures up to 350 deg. F. For 
higher temperatures, glass fabrics are 
necessary. Glass fabric ducts are 
often specified for service within the 
250 to 350 deg. temperature range, 
particularly when light weight is 
also a requirement. 

Ducts are formed to length over 
plain mandrels, which can be round, 
oval, rectangular or most any de- 
sired cross section. Single and two- 
ply constructions are customary. 
Processing the inside surface, or be- 
tween plies, with synthetic rubber 
closes the pores in the fabrics. Re- 
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Fig. 2—Five styles of flexible and rigid Multi-Flex ducts for aircraft applications. 


Types and Applications 


sistance to crushing and the degree 
of flexibility of a duct are built into 
the outer layer or cover. 

Up to the present time no society 
or group of manufacturers, either for 
the sake of interchangeability or be- 
cause of pressure from another body, 
such as the airplane manufacturers 
or an agency of the government, has 
attempted to standardize the sizes 
and qualities of nonmetallic ducts. 
In one respect standardization is less 


essential to interchangeability for 
nonmetallic ducts than for metal 
products. 

Nonmetallic ducts have been 
largely tailor-made products. They 








are made as parts to customer draw 
ings and specifications just as metal 
stampings or castings are made. Cus- 
tomers design them to fit the spaces. 
The mandrel comprises the only tool- 
ing expense so that economy of pro- 
duction is not affected greatly by the 
quantity required. Intercompany con- 
sideration of standardization there- 
fore may well be postponed until that 
time comes when nonmetallic ducts 
need to be stocked like sheet-metal 
ducts for hot air furnaces or as re- 
placement parts like automobile tires. 


Construction and Materials 


The Author’s Company manufac 
tures Multi-Flex ducts, which are 
nonmetallic ducts made in accordance 
with a patented process. Although 
the sizes and qualities of these Multi- 
Flex ducts have not been standard- 
ized, specific data about them are 
typical of all nonmetallic products. 
At the same time they represent data 
that are universally applicable in the 
design of air flow systems for vehicles 
and machinery. 

Five styles of aircraft Multi-Flex 
ducts are shown in Fig. 2. Style | 
is flexible throughout. Styles 2 and 
3 are flexible in the sections having 
multiple corrugations and rigid in the 
sections that are shown as wrapped 
with glass fabric tape or having sin- 
gle corrugations, which have a rela- 
tively hard surface finish to provide 
























rigidity. Styles + and 5 are rigid 
throughout. Both the tape and the 
single corrugation construction are 


used, either because of customer 
preference, or because certain ma- 
terials or combination of materials do 
not lend themselves to both types of 
construction. 

Style 5 is constructed in only one 
way, consisting of two plies of light- 
weight glass fabric and a cover of 
glass fabric tape. The other four 
styles are regularly made in several 
constructions, Table 1. The letters 
A, B, C and D, following the style 
the The 
letter S indicates a softer outer finish, 
which means for instance, that style 
1-AS, is the same as style 1-A except 
that 1-AS to 
crushing. 

Cotton fabric ducts weigh about 
the the ducts of medium 
weight glass fabrics of an equal num- 
ber of plies. Except for the tempera- 


numbers, define fabrics. 


offers less resistance 


same as 
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ture limit of 250 deg. F., the proper- 
ties of Table I apply to cotton ducts. 
Nonmetallic ducts are suitable for 
exhaust systems of slight and mod- 
erate negative pressures and for slight 
to moderate internal pressures. Large 
ducts with more flexible finish will 
collapse at fewer inches of water pres- 
sure below atmospheric than small 
ducts with hard finish. The cor- 
rugated and rigid sections resist in- 
ternal pressures about equally well; 
the corrugated sections resist negative 
pressures better than the straight sec- 
tions. 

Since the successful design of air 
flow systems, especially exhaust sys- 
tems, depends mainly on how nearly 
correct the resistance to flow is esti- 
mated, friction factors, F, 
in Fig. 4. Let 


are given 


P = pressure drop, inches of water; 

L = length of duct, ft.; 

D = inside diameter of duct, in.; 

V = rate of air flow, ft. per sec.; 

S = specific gravity of air referred to 
standard air at 0.075 |b. per cu. ft.; 

F = friction factor, Fig. 4 
then 

P = 0.0027 FLS /?/D (1) 


A common practice is to double 
the friction factor for that length of 
the system made up of bends, tapers, 
tees and connections at hoods and 
blowers. In the design of a com- 
plete system, there must be added 
to this the resistance of grids, re- 
sisters, fans and other units in series 
with the ducts. Additional allow- 
ance must be made for adjustable 
sections such as a flexible portion to 
carry dust from a movable grinding 





Fig. 3—Multi-Flex ducts can be used for 
U bends and for turns of smalier angles. 
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Table |—Properties of Multi-Flex Aircraft Ducts in Sizes from 1 to 12 inches 












































| 
Weight, lb. per ft. per Max. internal Center 
Style in. of inside diameter | Max. service pressure, lb. per sq. in. _line 
(see | ———| temperature, | —_—_—_—_—_—_—_—_| min. bend 
notes) | Corrugated | Rigid | deg. F. radius 
|} section section | |-in. 6-in. | 12-in. 
——__—_|___—_ a: IE nn Sn Ss 
1-A 0.15 350 15 5 1 dia. 
1-AS 0.15 350 | 10 3 1 dia. 
1-B 0.10 | 350 15 | 5 1 dia. 
1-BS_ | 0.09 350 | 10 3 1 dia. 
LCS 0.19 500 20 | 10 1 dia. 
EDS: | 0.07 500 . | 3 | 34 dia. 
2-A 0.15 | 0.15 350 BS 1 5 1 dia. 
2-AS 0.15 0.15 350 10 3 1 dia. 
2-B 0.10 | 0.10 350 15 5 1 dia. 
2-BS_ | 0.09 0.10 350 10 3 1 dia. 
3-BS | 0.09 0.06 350 10 | | 5 1 dia. 
s-CS | 0.19 0.11 | 500 20 | 10 1 dia. 
3-DS 0.07 0.03 500 5 3 34 dia 
4-B 0.06 350 10 |} 5 rigid 
4-( | 0.11 500 20 | | 10 rigid 
4-D 0.03 500 5 | 3 rigid 
5 0.06 | 500 30 | 10 | rigid 
A = single ply of asbestos fabric, Underwriters’ grade 
B = single ply of medium-weight glass fabric 
C = two plies of medium-weight glass fabric 
D = two plies of light-weight glass fabric 
S = soft finish 
0.08 } 
0.07 j 
ty/e No.1 ei = 
0.06 ——— 
i 
+ 0.05 
£ 
oO 
2 0.04 
c 
G ( eT Oe |_| style Ne 
0.02 ‘iz i 
Diameter , Inche 











Fig. 4—Friction flow factors for straight sections of two styles of Multi-Flex ducts. 


Such 
to estimate 
even with a fair degree of accuracy. 
Needless to say an experimental veri- 
fication of a complex exhaust sys- 
tem is as practical for a system hav- 
ing nonmetallic ducts as for one that 
has metallic ducts. 

Metal exhaust systems frequently 
are objectionably noisy. The usual 
method of reducing the noise is to 
insulate the fan from the support- 
ing structure with rubber, cork or 
composition pads and to isolate the 
fan from the metal ducts with a 


wheel into an exhaust system. 


resistances are not easy 


Propuct 


Nonmetallic ducts 
inherently suppress the noises trans- 
mitted to them by fans and blowers. 

Cylindrical sleeves, either metal or 


flexible joint. 


plastic, are convenient in making 
permanent joints in nonmetallic 
ducts. A sleeve length of half the 


duct nominal diameter and not less 
than 1% in. has been satisfactory. 
If the sleeve is from 0.020 to 0.050 
in. larger in diameter than the in- 
side of the duct, a press fit is obtained. 
A quick-acting plastic coupling has 
been found convenient in connecting 
ducts for temporary installations. 
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Composite Dimensioning 
Speeds Production and Inspection 


J. T. BENNETT 


Engineer, North American Aviation, Inc. 


Methods of using composite dimensions to specify working tolerances that will result 
in satisfactory interchangeable manufactured parts and that facilitate inspection. 
Methods for defining dimensional limits of round holes, round corners and angular 
tolerances are also discussed as a corollary of correct drafting practice. 


GOOD dimensioning is a requisite 
of good production designing. Draw- 
ing arrangement, choice of views, ac- 
curacy, meatness and speed are: im- 
portant factors in the preparation of 
a drawing; but nothing in drafting 
is more indicative of true engineering 
ability than the dimensioning method 
used. 

Dimensions describe the final phys- 
ical shape of a part, and are usually 
the controlling influences on manufac- 
turing and inspection. If a given pro- 
duction drawing shows a reasonably 
accurate picture, and all elements of 
the design are shown in proper rela- 
tionship, then all requirements for 
drafting accuracy are satisfied and 
further effort directed at increased ac- 
curacy is wasted. The object depicted 
by the drawing will be made in accord- 
ance with the dimensional limits 
given on the drawing, regardless of 
drafting accuracy. Also, limits such 
as 2.5005 in. max., 2.5000 in. min. 
are refined beyond the practical range 
of pictorial representation. 

The assignment of working toler- 
ances to individual linear dimensions 
that define a required area often re- 
sults in inefficient production. 

Areas that are to be checked by 
“go and no-go” inspection methods 
are best dimensioned by defining the 
minimum and maximum allowable 
limit areas. This is accepted practice 
in connection with round holes and 
shafts because it is easy to describe 
these by what appears to be a single 
dimension; the diameter. The diam- 
eter is deceptively simple, for it is 
not a linear but an areal dimension. 
With tolerances, the diameter defines 
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the acceptable minimum and maxi- 
mum circular areas. 

A hole diameter can be specified 
on a drawing by using a single dimen- 
sion with plus and minus tolerances 
as shown in Fig. 1(4). The two 
plug gages used for inspection of the 
product are shown Fig. 1(B8) and 
(C), neglecting, for the sake of 
simplicity, gage manufacturing toler- 
ances and gage wear allowances. If 
the “go” gage enters readily, the hole 
is larger than 1.000 in. dia., and one 
dimensional limit has been met. If 
the “no-go” gage does not enter 
readily, the hole is smaller than a 
1.001 in. dia., and the other dimen- 
sional limit has been met. 

A “go” gage can check all elements 
simultaneously, but a “no-go” gage 
can check only one linear dimension; 
in this example, the maximum dis- 
tance between any two opposite points 


on the surface of the hole. Because 
of this limitation of the “no-go” gage, 
it must be tried in all possible posi- 
tions. ‘‘No-go” plug gages are also 
commonly made full-round, but these 
will not check out-of-round holes 
An out-of-round hole needs 
to be smaller than the full-round “no 
go” gage in only one place to prevent 
entry of the gage. In this example, 
a full-round “no-go” gage would 
allow the product to pass inspection 
with an elongated hole, 1.0005 in. 
wide and 1.0020 in. long. 

The optical comparator is well 
suited to “go and no-go” inspection of 
areas. By this device, an enlarged 
shadow of a suitable part can be 
super-imposed on a layout that is made 
to the scale of the enlargement. The 
main hindrance to more extensive use 
of the optical comparator is the lack 
of suitable dimensioning on drawings, 


properly. 














H— 1000 7OOOT - >| began 001 ~--> 
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Fig. 1—The specification with plus and minus tolerances of a hole diameter on a 
drawing and dimensions of the two plug gages used for inspection of the product. 
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tor it areas are disintegrated into 
linear elements each one must be sep- 
arately measured for its dimensional 
limits. 

A commonly used note on draw- 
ings, especially those of precisely 
machined parts, is “Break Corner 
0.010-0.020 in.” If a check for con- 
formance is to be made by the optical 
comparator, the acceptance zone must 
first be defined. The extent of this 
zone is shown in Fig. 2, with examples 
of acceptable corners. This note is a 
good example of composite dimension- 
ing and is accepted without question. 

The following variation of the 
note is frequently found on draw- 
ings: “Break Corner 45 deg. x 0.015 
in.” This is a typical breakdown of 
an area into its component angular 
and linear dimensions, each requiring 
separate checking for tolerance. For 
this minor detail it is reasonable to 
assume that it is not required to have 
the angle checked separately for toler- 
ance, but on many designs the engi- 
neer’s intentions are not so easily 
defined and there is much loss in need- 
less checking time and rejections. This 
type of dimensioning is properly used 
on drawings of parts where the angle 
is important. 

Drawings specifying “Corner 0.010 
— 0.020 in. R.,” define the accept- 
ance zone as shown in Fig. 3. It can 
be noted that a straight chamfer of 
suitable size will pass inspection, 
even though the designer had rounded 
corners in mind. Rounded corners 
can be assured by specifying closer 
limits. ‘The acceptance zone is nar- 
rowed and everything excluded that 
is not substantially a radius. This 
leaves very little tolerance, as shown 
in Fig. 4, and is therefore an ex- 
pensive method. 

Rounded corners can also be as- 
sured by specifying allowable varia- 
tions from a true radius that can 
vary in size within more generous 
limits. For example: “Corner 0.010 
— 0.020 in. R., True Within 0.002 
in.”’ A series of concentric radii used 
for inspection is shown in Fig. 5, as 
well as an example of an acceptable 
corner. 

It is apparent from this analysis 
that the first note, “Break Corner 
0.010 — 0.020 in.,” is the most de- 
sirable for production, as it permits 
the largest variation. 

Failure to utilize the composite sys- 
tem of dimensioning for more com- 
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Fig. 2—The extent of an acceptance zone and examples of acceptable corners. 
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Fig. 3—Another case of extent of acceptance zone and acceptable corners. 
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Fig. 4—Acceptance zone excludes all but radii. Acceptable corner is shown. 
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Fig. 5—A series of concentric radii for inspection and an acceptable corner. 
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plex geometric areas results in losses, 
especially in the manufacture of in- 
terchangeable components. This can 
be verified by observing the effects 
on a relatively simple non-circular 
area. It can be seen that the advan- 
tages of composite dimensioning in- 
crease with the geometrical complex- 
ity of the form. 

A 12-point wrench-shaped hole, 
such as might be punched or broached 
in an adjusting nut retainer, is shown 
in Fig. 6. As indicated by the draw- 
ing note, there is a dimensional tol- 
erance zone defined by the dimensions 
and angles given, but there is no 
tolerance on the angles used to define 
the two limits of this zone. Angular, 
as well as linear manufacturing tol- 
erances, can be any amount within 
the confines of the zone. The ad- 
vantages are apparent: 


1. The assignment of the maxi- 
mum allowable tolerance individually 
to angular and linear measurements 
is avoided. This is a time-consum- 
ing job, as angular tolerances not only 
reduce the amount of tolerance avail- 
able for adjacent dimensions, but are 
cumulative as well. 


2. The most efficient outline of 
punch or broach, allowing for maxi- 
mum tool wear, can be determined 
without reconstructing the component 
angular and linear dimensional limits 
to find the maximum extent of the 
tolerance zone. 


3. A larger percentage of accept- 
able parts is produced. The relatively 
close tolerances of component angu- 
lar and linear dimensions cause re- 
jections of many usable parts because 





~~ ~80 degr 


4 
Serrated hole, ¥2 dia, 36 teeth. 
All tolerances are included 
within limits defined by 
dimensions and norninal angles 





(Varies as 2.6 * difference 
between wire shown and wire used) 
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Fig. 7—One method of dimensioning a serrated hole to assure interchangeability. 


ing that certain dimensional toler- 
ances can be exceeded providing cer- 
tain others are not fully absorbed. 


4. Inspection can be accomplished 
without reconstruction of component 
angular and linear dimensional limits 
to find the maximum extent of the 
tolerance zone. Many angular meas- 
urements can also be eliminated as the 
only requirement is that the surface 
of the hole must be within an easily 
detined area. 


Hole serrations can be dimensioned 
as shown in Fig. 7. The assurance 
of interchangeability is to be noted 
in this example, a highly desirable 
feature lacking in the commonly ac- 
cepted standard. Variation in tooth 
spacing can occur only within the 













it is impractical to state on a draw- predetermined tolerance zone and 
All tolerances for hole are inclucled 
within limits defined by dimensions 
and norminal angles 
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Fig. 6—A 12-point wrench-shaped hole such as might be punched in a nut retainer. 
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parts will mate in any one of 36 
positions. 

The standardization of more com- 
plex shapes; such as gears and splines, 
is retarded by the prevalent opinion 
that each linear and angular dimen- 
sion should be assigned its own toler- 
ances. Under this system, a satisfac- 
tory standard would require micro 
scopic manufacturing tolerances be- 
of their effect. 
Rather than make this requirement 
necessary, a tolerance zone should be 
established, as was done in the stand 
ardization of screw-threads. 

The orthodox di- 
mension methods is apparent in many 
of the nationally accepted standards. 
For example, screw-thread_ specifica- 
provide pitch 
diameter tolerances for extra-long en- 
gagements to allow for more cumula- 
tive lead error. Lead error is objec- 
tionable because it can source 
of interference between mating parts. 
This interference be detected 
through the use of “go” gages; the 
only requirement is that the threaded 
portion of the “go” gage must be 
at least as long as the intended en- 
gagement. ‘Therefore, a more direct 
approach would be to specify the 
minimum threaded length of the “go”’ 
gage in standardized units. Although 
the prevention of thread lead error 
is a function of volumetric dimen- 
sioning, the standards attempt to con- 
trol volume by areal dimensioning. 
This results in possible acceptance of a 
completely unusable product. 


cause cumulative 
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Fig. 1—Endurance limits for steel parts having as-forged surfaces. 


Fatigue Strength of Steel Parts 


PHILIP O. JOHNSON 


Head, Structures Dept., Fisher Body Division, General Motors Corporation 


CHARLES LIPSON 


Consulting Engineer and Associate, The Detroit Testing Laboratory 


Editor's Note: In the article “Allowable Working Stresses for Steels" by 
C. Lipson and G. Noll that appeared in the March 1946 number of Product 
Engineering, charts were presented that related hardness, surface finish and 
conditions of loading with the fatigue strength of steel parts ranging from 160 


to 555 Brinell hardness. 


In this article the authors extend that data to in- 


clude the effect of stress concentration on the fatigue strength of steel parts. 


WHEN service loads are static the 
problem of designing a steel part for 
strength is relatively simple: Strength 
is principally a function of hardness 
and section size; and the effect of 
surface finish and of stress concentra- 
tion is of minor importance. To in- 
crease strength, therefore, it is sufh- 
cient to increase the properties of the 
section or to increase the hardness of 
the material. 

With dynamic loading the design 
problem is more difficult. Those fac- 
tors that are of no importance when 
loads are static play a major role 
when the loads are fluctuating. When 
designing a steel part for strength in 
fatigue, therefore, knowledge of the 
principal variables that affect fatigue 
strength is of primary importance. 

The effects of these varables on the 
strength of parts have been studied by 
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many investigators. There are avail- 
able in literature (see References 1, 
2, 3 and 4) several summaries relat- 
ing hardness, conditions of loading 
and surface finish with fatigue 
strength. But few attempts have been 
made to incorporate in design data the 


effect of stress concentration on 
fatigue strength. 
Graphs relating the endurance 


limit of steel parts with hardness, sur- 
face finish and stress concentration 
are presented in Figs. 1, 2, 3 and 4. 
Each graph refers to a specific class 
of surface finish: Fig. 1 to as-forged 
parts, Fig. 2 to ground parts, Fig. 3 to 
machined parts, and Fig. 4 to hot- 
rolled parts. See Reference 4 for a 
discussion of the validity of this 
classification of surface finish for 
manufactured parts. 

In each graph is shown the endur- 


ance limit of steel parts of different 
Brinell hardness and different degrees 
of stress concentration factors K. The 
curves given by K equal to 1 corre- 
spond to the condition of no stress 
concentration; they were obtained 
from the available fatigue test data of 
specimens without any notch. 

The curves for higher values of 
stress concentration for K ranging 
from 1.2 to 5 were obtained by divid- 
ing fatigue stress concentration fac- 
tors K; into the endurance limit values 
as given by the curves K equal to 1 
for specimens without notches. 

In selecting the values of Ky it was 
necessary to consider the effect of 
notch sensitivity of the material. 
R. E. Peterson has shown in “Stress- 
Concentration Phenomena in Fatigue 
of Metals,” A.S.M.E. Transactions, 
APM 55-19, 1933, that the stress 
concentration factor in fatigue Ky 
can be defined in terms of notch sensi- 
tivity g and the geometrical stress con- 
centration K by the expression 


K,=1+ 4@(K —1) 
In Fig. 5 this relation is plotted for 
a range of usable values and is derived 
from test data available in literature. 
The lower limit of the band cor- 
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Fig. 4—Endurance limits for steel parts having hot-rolled surfaces. 
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Fig. 5—Notch sensitivity, stress concentration factor K and the fatigue stress concentration factor K; in steel parts. 


responds to steels of 150 BHN and 
the upper limit to those of 500 BHN. 
The value of ¢g equal to 0 implies lack 
of notch sensitivity an] that of g equal 
to 1 implies the full effect. Cast iron 
has a very low notch sensitivity, which 
implies that this material is very little 
affected by the presence of notches, 
such as threads and keyways. As to 
steel members, annealed steels have a 
lower notch sensitivity than 
treated steels. 

It should be noted that the data 


heat- 


German 


AN ABSORPTION-TYPE REFRIGERATOR 
for household use was developed in 
Germany just before the war, accord- 
ing to a report by the Office of Tech- 
nical Services, Department of Com- 
merce. About 400 units were built 
and were giving satisfactory service. 

The domestic absorption-type re- 
frigerator uses solid calcium chloride 
as the absorbent, ammonia as the re- 
frigerant, and stove gas as the heater 
fuel. Its operation is automatic, elim- 
inating the need for a time switch to 
control the heating and absorption 
periods. The standard model had a 
capacity of 60 liters—somewhat more 
than 2 cu ft—and sold for 350 marks 
(about $82) in 1939. 

The principal parts of the refriger- 
ating system consist of a liquid re- 
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contained in Fig. 5 are supplementary 
information included to explain the 
method of obtaining data used in plot- 
ting Figs. 1, 2, 3 and 4. That is, K,y 
was determined from the known val- 
ues of g and K and used to establish 
Figs. 1, 2, 3 and 4. Thus, when the 
Brinell hardness, surface condition and 
stress concentration factor of a steel 
part are known, its endurance limit 
can be determined directly from Figs. 
1, 2, 3 or 4. A machined steel part of 
360 Brinell and having a stress con- 





centration factor K equal to 1.6 is 
shown by Fig. 3 to have an endurance 
limit of 38,000 pounds per sq. inch. 
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Absorption-Type Refrigerator 


ceiver embedded in the insulation in 
the top of the refrigerator cabinet, an 
evaporator suspended from the ceiling 
of the cabinet’s interior, and a gen- 
erator-absorber and a finned condenser 
mounted in the rear panel of the cab- 
inet. The generator-absorber is made 
of steel pressings welded together to 
form vertical cylindrical channels. 
The channels hold small copper cups 
containing calcium chloride. Liquid 
ammonia from the liquid receiver 
changes into gas in the evaporator by 
absorbing heat from the food stored in 
the cabinet. The gaseous ammonia 
Hows by way of the receiver to the 
generator-absorber where the calcium 
chloride absorbs it, condensing it into 
a liquid. A metallic bellows operated 
by a thermostat drives off the heat. 


When the generator-absorber be- 
comes sufficiently saturated with liquid 
ammonia, a bi-metal valve increases 
the amount ot stove gas fed to a pilot 
light. The heat vaporizes the liquid 
ammonia and forces the vapor into the 
finned condenser where it cools and 
once again turns into a liquid which 
then returns to the liquid receiver. 

According to the report, the fol- 
lowing test results were typical of 
the refrigerator’s operations: 





Ne eer rrr re no 
OS rere 3 to 6 deg. C 
ee 8 to 9 deg. C 
Equivalent food load.......... 4.78 watts 
PICAUERD CHE. 6 55.500 00:60:00: 0:5 1 h, 45 min 


Gas consumption 
472.5 liters (about 20,000 Btu) 
 Mbdiccrdsrrddebinenctee 8 hr 
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Climatic Hangar For All-Weather Testing 


YEAR-ROUND TESTING of aircraft and 
aircraft equipment under controlled 
temperatures and other climatic condi- 
tions is now possible in the new climatic 
hangar constructed at the Air Proving 
Ground Command, Eglin Field, Flor- 
ida. The Army Air Forces has already 
begun using the 8 million dollar struc- 
ture to test planes and equipment in 
extremes of cold, heat, rain, snow, sand 
and wind. 

The Army Air Forces now is able to 
make initial tests of new aircraft, re- 
quired to perform satisfactorily from 
—65 to +165 F., under controlled 
weather conditions instead of taking 
them to bases in tropical regions or in 
the Arctic, such as Ladd Field, Alaska. 
This is expected to save many months 
in the early phases of type testing, but 
experiments with groups of planes or 
personnel must still be made in the field. 

Described as the world largest cold- 
weather testing laboratory, the main 
unit will accommodate the B-36, the 
global bomber with a 230-foot wing 
span. The climatic hangar project con- 
sists mainly of an insulated hangar 200 
by 250 feet, and 70 ft. high; an equip- 
ment and engine test room 30 by 133 
ft., and 25 feet high; a cold test room, 
hot test room, desert test room, jungle 
test room, and tropic-marine test room, 
each 13 by 13 ft.; an all weather room 
for physiological testing, 13 by 34 ft.; 
and a refrigerated strato-chamber. 

Temperatures within the hangar and 
test rooms can be maintained from 
—70 F to +165 F. Relative humidi- 
ties can be maintained from 10 to 95 
percent or 1.5 in. mercury vapor pres- 
sure, whichever is lower when tempera- 
tures are maintained in the range of 
+s50 F to +165 F. There is no pro- 
vision for controlling relative humidities 
at temperatures lower than + 50 F. 
Provisions have been made for localized 
wind storms up to 100 m.p.h. in com- 
bination with sleet, snow, rain, dust, and 
sand. Artificial sunlight equivalent to 
noonday desert sun is provided. Thus, 





Front view of the climatic hangar, showing main door, one of seven variously- 
sized doors, at Air Proving Ground Command Headquarters, Eglin Field, Fla. 


all normal and extreme climatic con- 
ditions can be simulated within the 
hangar or test rooms. There are no pro- 
visions for operating the hangar under 
reduced pressures; however, a refriger- 
ated variable pressure chamber (strato- 
chamber) is provided for high altitude 
and climb testing. 

The great size of the hangar makes it 
possible to subject the largest military 
airplane now designed and under con- 
struction to climatic functional testing. 
All types of aircraft, including jet en- 
gined and prop-jet aircraft and their 
parts, can be tested. Engines can be run 
up and ground tested, weapons fired, 
bombs dropped, simulated landings and 
takeoffs made to test landing gear 
struts, brake action checked, and the 
functioning of electrical, hydraulic and 
heating systems tested. Motorized 
ground vehicles can be driven within 
the hangar and subjected to simulated 
road tests. Ground equipment can be 
subjected to climatic tests to determine 
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its suitability. The physiological test- 
ing facilities are such that personnel 
and personal equipment can be tested 
in all climatic conditions, at all operat- 
ing altitudes, and under flight-climb 
conditions. Also, test facilities are pro- 
vided so that climatic tests of long dura- 
tion can be made to determine weather- 
ing effects on both stored material and 
operating equipment. 

In planning the Climatic Hangar 
Project, the objective has been to pro- 
vide facilities which will simulate serv- 
ice conditions. Climatic testing in the 
hangar can be closely coordinated with 
service testing at natural climatic loca- 
tions. No attempt has been made to 
provide facilities suitable only for ex- 
perimental and developmental testing as 
this is the responsibility of other AAF 
agencies. 

Principal uses of the hangar have 
been classified as follows: 

1. Functional operational testing of 
completely assembled aircraft. This will 
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cover all systems, integral assemblies 
and parts, including engine starts and 
ground run-ups with engines installed 
in the airplanes. 

2. Testing of all ground equipment 
used in the operation and maintenance 
of aircraft. 

3. Testing f motorized ground vehi- 
cles including operating testing on a 
road testing course. 

4. Testing of personal clothing and 
equipment for determination of the 
types which give maximum efficiency in 
performing maintenance work on air- 
craft. 

5. Study of the effects of extreme 
weather conditions on personnel. 

6. Study of the time required to per- 
form maintenance work under different 
extreme weather conditions. 

The hangar has a clear working 
space 250 ft. wide and 200 ft. long. The 
height is 25 ft. at the sides, increasing 
to 60 ft. at the center. The total volume 
inclosed is approximately 2,900,000 cu.ft. 
Cooling and heating are provided by air 
circulation through ducts from eight 
plenum chambers located in the adjoin- 
ing south lean-to. A refrigeration sys- 
tem with freon centrifugal compressors 
supplies cooling. A steam heating plant 
with steam coils provides the heating. 

The main hangar door which closes 
the open side of the hangar is self-sup- 


porting and self-propelled. It is built in 
two sections, each weighing 200 tons. 
The trucks supporting the sections run 
on pairs of rails 25 feet apart. When 
the sections move into place to close the 
hangar, hooks on the sections engage in 
catches about the perimeter of the open- 
ing. A power drive draws up on the 
hooks and the sections move toward the 
hangar approximately 6 inches sealing 
sponge rubber gaskets to form a tight 
seal around the opening. Also, a cam 
forces rubber pads at the bottom of the 
door into contact with the hangar floor. 
The main door can be opened in seven 
minutes. A vertical lift door 50 ft. wide 
and 15 ft. high is located in the north 
half of the main door. This door is 
counter weighted and electrically op- 
erated. An entrance lock is being de- 
signed for this door so that small air- 
craft and other equipment can pass 
through this opening without loss of 
hangar air. The 50-ft. door can be 
opened in 2 minutes. The entire door is 
insulated with 13 in. of glass wool board 
inclosed on both sides with welded steel 
vapor barriers. 

Within the hangar are three principal 
test centers. These are above the test 
service rooms, and are connected to 
them by access openings. The east test 
center is especially designed for testing 
of engines on complete aircraft. Two 





Instruments behind the camerman indicate the temperature at —40 deg. F. A 
winterization process of cameras and equipment is necessary for operation in 
extemely low temperatures. 
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semi-flexible exhaust ducts for recipro- 
cating engines and one for jet engines 
are located in this area. Radiating from 
the three test service rooms to dis- 
tributed points within the hangar are 
empty conduits. These conduits will ac- 
commodate the services for tests to be 
conducted at points in the hangar other 
than at the main test centers. Also, two 
additional reciprocating engine exhaust 
ducts are provided beneath the floor of 
the hangar so that aircraft engines can 
be tested at other points than at the 
east test center. The east test center is 
located adjacent to the fixed bomb pit. 
The mobile observation rooms will fa- 
cilitate testing at points other than the 
main test centers. A small instrument 
connection panel is installed at each of 
the three test centers. These supple- 
ment the panels in the test service 
rooms, and in the signal systems. 


Special Test Equipment 


A landing gear actuator is under con- 
struction for the testing of the landing 
gear of aircraft in a manner simulating 
landing and take-off. This actuator is 
a hydraulic operated mechanism which 
is placed under one wheel of the land- 
ing gear of an aircraft. The unit has 
a capacity of 20,000 |b. and thus is suit- 
able for testing aircraft weighing up 
to 40,000 lbs. The apparatus is capable 
of actuating the 20,000 lb. landing gear 
load at a frequency from 28% cycles 
per minute at a 12 in. stroke to 114 
cycles per min. at a 3 in. stroke. Con- 
trols are provided so that the length of 
the stroke, the frequency of the stroke, 
and the position of the mid-point of the 
stroke can be varied instantaneously and 
simultaneously by the operator while the 
machine is in operation. The apparatus 
is designed for operation in a tempera- 
ture range from —70 to +165 F. It is 
mobile on retracting casters and the 
height of the landing gear tire cradle, 
when the apparatus is in operating posi- 
tion, is 24 inches above the floor. The 
apparatus is actuated by two 20 explo- 
sion proof electric motors. Safety pro- 
visions to prevent overloading have been 
incorporated into the apparatus. The 
landing gear actuator can be used for 
testing the landing gear of aircraft 
weighing more than 40,000 lb. by par- 
tially supporting the aircraft weight by 
jacks to simulate the airborne condition 
of landing. 

The all-weather room consists of a 
main chamber approximately 34 by 13 
ft., by 11 ft. high, and an ante-room 
or entrance lock approximately 15 by 
9% ft. by 10 ft. high. The main cham- 
ber is insulated with corkboard 12 in. 
thick, covered with a stainless steel in- 
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This portable observatory, insulated to withstand the —70 F low temperature range 
of the climatic hangar, offers test personnel a close range view of experiments. 


terior liner. Large non-frosting obser- 
vation windows are provided for view 
ing testing from the outside. 
Temperatures can be reduced in the 
main chamber from +70 to —4o F in 


six hours, and to —70 F in twenty-four 
hours. ‘Temperatures can also be raised 
from +70 to +170 F in two hours. 
The maximum relative humidities pos- 
sible in the main chamber vary from 
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95% at 65 F dry bulb to 45% at 
+165 F dry bulb. The minimum rela- 
tive humidity is 5%. No provisions have 
been made for reducing the pressure 
within the room. 

A rain and mist making apparatus is 
provided for simulating rainstorms from 
‘4 to 1§ inches per hour. Also, there 
is a built-in wind machine capable of 
air velocities of from 5 to 35 miles per 
hour. The room can be partially filled 
with water for the testing of life rafts, 
immersion suits, and similar equipment 
for protection of personnel. 

The strato-chamber consists of a 
main climb chamber and entrance lock, 
constructed of welded steel insulated 
with 13 sheets of a reflective metal in- 
sulation in the main chamber and of 7 
sheets in the lock. The chamber is con- 
structed to withstand pressures from 
zero absolute to one atmosphere. Cham- 
ber size is 9% by 13% ft., by 12 ft. 
high, lock size 10 by 4% ft. by 12 ft. 
high. Temperatures can be reduced 
from +70 to —70 F in 12 minutes 
after an initial pre-cooling of the 
chamber to —70 F and reheating to 
+70 F prior to test run, with 10 men 
in heated suits in the climb chamber. 
Temperatures can be further reduced to 
approximately —94 F with 2 men in 
heated suits in the chamber. 





German 


COMPACT MAGNETOS for sparking and 
lighting motorcycles, and experiments 
with various types of ignition systems 
for automotive engines are among Ger- 
man ignition developments described in 
seven reports of the Office of Techni- 
‘al Services, Department of Commerce. 

Four of the reports describe ignition 
developments of the Robert Bosch Com- 
pany, including flywheel magnetos, high 
frequency ignition, electronic ignition 
and low tension spark plugs. The re- 
ports were prepared by OTS investiga- 
tor Alfred J. Poole, liaison engineer of 
the Scintilla Magneto Division, Bendix 
Aviation Corp., Sidney, N. Y. The fifth 
report covers low-tension ignition de- 
veloped for the Junkers Company. The 
sixth and the seventh describe chemical 
gnition methods. 

Bosch flywheel magnetos for German 
motorcycles have been so highly devel- 
yped that they are probably superior 
to anything of the kind, regardless of 
place of manufacture, according to Mr. 
Poole. Coils for producing lighting cur- 
rent in the flywheel magneto systems 
have also received particular attention. 
Both lighting and ignition have been 


Ignition Developments Described 


consolidated into units that are simple. 
compact, and reliable. 

Advantages sought in the high-fre- 
quency ignition work conducted by the 
Bosch Company were longer sparks, re- 
duced fouling, lowered danger of shock 
from the electrical system, and increased 
serviceable life of spark plugs. Several 
combinations of condensers and trans- 
formers were tried but no great claims 
were made for the systems developed, 
according to the investigator. Disad- 
vantages of high frequency compared 
with standard ignition include heavy 
corrosion of the distributor electrodes, 
greater cost, and the necessity of install- 
ing shielding to prevent radio inter- 
ference. 

“Regardless of the advantage of high- 
frequency ignition,” Mr. Poole com- 
ments, “its use as a substitute for stand- 
ard ignition cannot be considered owing 
to its short operating time and high 
cost.” 

Electronic ignition experiments by 
Bosch were undertaken, according to the 
fourth report on the Bosch Company, 
in an effort to obtain such advantages 
as improved accuracy in spark timing, 
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saving of space and weight, freedom 
from wearing parts, satisfactory opera- 
tion at high altitudes, and’ conservation 
of scarce platinum, cobalt, and nickel. 
The control system was activated by 
lamps which cast a beam of light 
through a perforated disk on photocells. 
Although hot sparks at the rate of 30,- 
000 per minute were said to have been 
obtained, disadvantages such as slow 
starting because of the time required for 
tubes to heat up were reported. Con- 
siderable research and development will 
be needed to perfect such a system. 

Because airplane engines operating at 
high altitude (about 7 miles) may de- 
velop ignition trouble due to the tend- 
ency of current to jump the insulation 
of spark plugs or because insulation 
may deteriorate, the Bosch Company 
experimented with low-voltage igni- 
tion systems of from 400 up to 2,500 
volts to replace systems of the order 
of 10,000 volts. Although some suc- 
cess was obtained, efforts to develop a 
spark plug for low tension ignition did 
not reach the manufacturing stage. 

In the low tension development work, 
mica insulation was tried as a way to 
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guide the spark between the electrodes. 
However, after short periods of opera- 
tion the current burrowed through the 
mica instead of igniting the charge. An 
insert of special glass between the elec- 
trodes better results, but spark 
failure occurred after operation of from 
2,400 to 3,600 miles. 


gave 


A ceramic tube 
fused in the plug gave even better per- 
formance. The war was over, however, 
before deevlopment was completed. The 
investigator states that although the 
tests were too short to be conclusive the 
ceramic tube development appears to 
have possibilities. 

Another low-voltage ignition system, 
developed by the Junkers plant at Des- 
sau in cooperation with the firms of 
Siemens and Beru, is described in a 


report prepared by Major J. R. Parry 


of the British Ministry of Supply and 
C. A. Lindblom of the U.S. Ordnance 
Department for the Combined Intel- 
ligence Objectives Sub-Committee. The 
Junkers system, which operates between 
400 and 1,000 volts, uses a spark plug in 
which the sparks glide along ignition 
electrodes instead of jumping a gap. 

The Junkers-Siemens-Beru low-ten- 
sion ignition, according to the investiga- 
tors, “was brought to a reasonable state 
of reliability and with more develop- 
ment work could have reached the same 
degree of reliability as high tension igni- 
tion in about a year.” 

Chemical ignition is the subject of a 
report by Lieutenant R. J. Bender of 
the U.S. Naval Technical Mission in 
Europe. In this so-called “Ring” proc- 
ess, a liquid ether sprayed into the com- 


bustion chamber is ignited by the heat 
of compression and the resulting ether 
flame ignites the fuel. The method op- 
erates over the entire range of fuel-air 
mixtures and reduces knocking. How- 
ever, it is expensive and requires auxili- 
ary starting spark plugs. 

“Tonition Oil,” a chemical ignition 
substance developed by I. G. Farben- 
industrie and tested at the Junkers plant 
in Dessau, is described in an additional 
report by Maj. Parry and Mr. Lind- 
blom. Results in a single cylinder en- 
gine indicated about the same output as 
with spark ignition but with “thermal 
sensitivity” causing uncertain firing or 
failure to start when the engine was 
cold. The tests were preliminary only, 
and showed the need for additional 
chemical and mechanical developments. 





Electroless Plating on Metals by Chemical Reduction 


A NEW METHOD FOR PLATING NICKEL 
and cobalt on metal surfaces without 
the use of electric current has been de- 
veloped by the National Bureau of 
Standards. This process, known as elec- 
troless plating, is brought about by 
chemical reduction of a nickel or cobalt 
salt with hypophosphite in hot solution. 
The reaction is catalytic, and under 
prescribed conditions of concentration 
and acidity, no plating occurs unless 
certain metals, such as steel or nickel, 
are introduced in the bath. The reduc- 
tion then occurs only on the surface of 
the immersed metal, with the production 
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of an adherent coating of 93 to 97 per- 
cent purity. 

Photomicrographs of deposits ob- 
tained in this way show both a laminar 
and a columnar structure, similar to 
bright nickel electrodeposits. The elec- 
troless deposits are of good quality— 
sound though brittle, and usually bright. 
Since they can be made as hard as tool 
steel, the method may prove useful 
where hard, wear-resistant surfaces are 
required, as in bearings. The process 
is particularly applicable to the plating 
of recesses, irregular-shaped objects, 
and enclosed areas such as tubes. 
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“Electroless nickel deposits from acid solution. Upper left, laminations and 
columnar structure; hardness 500 (Knoop scale). Upper right, after annealing 
at 400 C. for 30 min., maximum hardness of 800. Lower left, after annealing at 
600 deg. C. for 30 min., showing precipitation. Lower right, after anneal- 
ing for 30 min. at 800 C., showing excessive precipitation; hardness 470. 
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The equipment is simple and more 
easily assembled than that required for 
electroplating. No generators, rheo- 
stats, special racks, or contacts are 
necessary. Small parts which cannot be 
barrel-plated economically are readily 
plated by the electroless process if sus- 
pended by a string or in a bag affording 
ample exposure of the metal surface to 
the solution. There is no need of con- 
stant motion, as in barrel plating, since 
current distribution is not involved. 

Objects to be plated are cleaned by 
any of the accepted procedures and are 
given an acid dip before being suspended 
in the hot solution. The rate of deposi- 
about the same as in barrel 
electroplating, ranging from 0.0002 to 
0.0008 inch per hour, depending upon 
the type of solution used. The composi- 
tion of the plating bath may vary widely. 

As formed, electroless nickel deposits 
are brittle but ductile when 
heated. These deposits are harder than 
the ordinary electrodeposited nickel, and 
upon heating their hardness is still fur 
ther increased. This is in contrast to 
the behavior of “hard” electrodeposited 
nickel, which has high initial hardness 
but softens upon heating. The harden 
ing is “precipitation hardening.” 

Nickel deposits on mild steel cannot 
be flaked off by bending, but on high 
carbon steel this property is less satis 
factory. In salt-spray 
coated with 


tion Is 


become 


tests on steel 
and 0.001 
inch of electroless nickel, in comparison 
with similar panels coated with electro- 
deposited nickel, the protective value 
of the two types of coatings was virtu- 
ally the same. However, the electroless 
cobalt does not compare so favorably 
with electrodeposited cobalt. 


0.0002, 0.0005, 
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WASHINGTON NOTES 





Administration Defines 
Its Research Policy 


On the heels of its veto of the science 
foundation bill, the Truman administra- 
tion has laid out its long-range program 
for scientific research with the publica- 
tion of “Science and Public Policy’’, the 
report of the President’s Scientific 
Research Board. The Board, a cabi- 
net-level group headed by presidential 
assistant John Steelman, was appointed 
last October to review the whole field 
of government policy on science. 


MonrEY FoR RESEARCH—Public and 
private expenditures on research this 
vear total more than 1 billion dollars. 
This is an all-time high, neariy twice 
the wartime average and about four 
times the pre-war level. More than 
half of the expenditure is federal, and 
about 500 million dollars military. 

However, this amount, in the view of 
the board, fails to meet present military 
and economic needs. More or less 
arbitrarily, the board estimates that at 
least one percent of the national income 
should go for research—about twice the 
present level. The board would like to 
see expenditures on research in the pure 
science quadrupled to something like 
440 million dollars; medical research 
stepped up to about 300 million dollars; 
military work held to its present level; 
and non-military applied research, in- 
dustrial and governmental, increased to 
about a billion dollars. 

Manpower, however, presents a diffi- 
culty. Present expenditures on research 
have created a shortage of experienced 
technicians—a shortage which particu- 
larly affects the teaching and pure 
research staffs of universities. There- 
fore, the board recommends no imme- 
diate increase in expenditure. This will 
ome gradually—as the thousands of 
students now in college complete their 
training. It may be 1957 before the 
kind of science program the board wants 

in be in full operation. 

Following are some of the board's 
recommendations : 


1. Organization of a permanent in- 
terdepartmental committee on science to 
oordinate federal scientific programs. 
t would set general policies; prevent 
verlapping projects (there are not 
many according to the board, in civilian 
zencies, but military programs are full 
them); maintain a sensible balance 
kept between different fields of re- 
search. President Truman claims that 
is is an immediate objective. 
2. Amendment of corporation § tax 
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This chart, showing manpower as the limiting resource in the technological and 
scientific progress of the United States, is taken from ‘‘Science and Public Policy’, 
a special report of the Presidents’ Scientific Research Board, issued recently. 


laws to provide more incentive for 
expenditures on industrial research. 
This will probably come up when Con- 
gress reconsiders the tax laws next year. 

3. Study by the Council of Economic 
Advisors of factors limiting research in 
specific industries—such as the Division 
of the building industry into small units 
and the railroads’ heavy investment in 
obsolete equipment. 

4. Creation by Congress of a Na- 
tional Science Foundation which would 
concentrate on financing fundamental 
research in universities. Unlike the 
bill vetoed this year it would have a 
director responsible to the President. 
It would spend about 50 million dollars 
the first year, and reach at least 250 
million dollars by 1957. 


s. Provision of scholarships for sci 


ence students. This should be done 


<opUCT ENGINEERING — OcTrosBER, 1947 


before 1950, when present veterans’ 


educational benefits will be running 
out. It would be administered by the 
U. S. Office of Education, rather than 
the Foundation. 


general 


It would be part of a 
program of federal aid to 
college students. 

6. Legislation permitting use of out- 
right grants instead of research con- 
tracts when the government finances 
non-federal research work. 

7. Legislation permitting all depart 
ments to obligate research money five 
vears in advance, to insure stable pro- 
orams. Only the Office of Naval 
Research and the Atomic Energy Com 
mission can do this at present. 

8 Inclusion in the rehabilitation 
programs of the Marshall plan of a 
provision for re-establishing — scientifi 


research in Europe on a basis of free 
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nternational exchange of information. 

g. Improved arrangements for trans- 
lation and distribution of 
Russian scientific results. 


published 
Russia is now 
spending just about the same amount on 
science as the United States. 


War Department Polls 
Utilization of Scientists 


lhe War Department, in cooperation 
with scientific finding out 
what happened to the country’s scientific 
talent during World War II. 
results, 
that 


societies, 1s 


First 
announced last month, show 
a high percentage of chemists and 
hemical entered the 


Army or Navy considered their special 


engineers who 
ized experience used only partly or not 
it all by the military services. 

The first survey was conducted in 
conjunction with the American Chem 
ical Society. Similar surveys are under 


way or planned by the Institute of 


Physics, Union of Biological Societies, 
the Geological Society of America, the 
American Petroleum 
Geologists, the Association of Profes- 
sional Geographers, the 
Mathematical Society, the Engineers 
Joint Council, and the American Psy- 
In all, the War 
Department expects to have 35 or 40 


societies 


Association of 


American 


chological Association. 


cooperate in polling their 
members. 
When the scientists, via 


questionnaires, are completed, the sci- 


polls of 


entific societies themselves hope to have 
documentary evidence to support what 
they contended was _ needed 
World War Il: A special pool for 
technical and scientific men to be drawn 
upon and used to the fullest in 
special fields or collateral fields. 


The 


during 


their 
surveys are being carried out 
under the direction of Dr. David M. 
Delo. of the Scientific Manpower 
Branch of the Research and Develop- 
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Infrared Aids Precision Casting 


REPLACING STEAM TABLES, low temper- 
iture ovens, and hot plates, banks of 
250-watt infrared lamps—248 in all- 
are used to dry the molds and melt out 
98 percent of the wax pattern at the 
precision casting foundry of the West- 
Electric The 


inghouse Corporation. 
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balance of the wax is burned out in the 
preheat furnace where molds are heated 
to 1000 C for casting. 
turbine 


In making gas 
blades and other intricate or 
hard-to-machine castings, the infrared 
process has been found to reduce mold 
cracking, avoiding defective castings. 


PRODUCT 


| itt 


ment Division of the War Departmen 
General Staff. 

The poll of the chemists and chem 
ical engineers showed some interestin 
results. 

Out of replies to 48,00 
questionnaires, 15 percent (4,506) hac 
been in the armed forces. Of th 
group in service 78 percent were below 
35 vears of half of 
utilization 
the 35-and OVE 
uniform reported 
utilization of their capabilities. 
about 40 percent of the chemists in 
service claimed they were utilized onl 
part of the time, or not at all. 


31,000 


age, and almost 
them 


About 


age group in 


reported improper 
one-fourth of 
poor 


In al 


About 58 percent of all chemists and 
chemical engineers answering the pol 
reported that their principal war work 
was in industry; 8.5 percent said it was 
teaching; 17 percent said it was gov 
ernment-sponsored research or work for 
a zyovernment agency. 

Of those who entered military sery 
ice, the survey shows that in general 
the youngest technical men were most 
apt to be poorly utilized. 
those 


As a group 
their Army 
reserve status got called into uniform 
quickly in their basic branch, and never 


who maintained 


transferred to work that might matcl 
their professional qualifications. 


Commodity Standard Division 
Set Up at Standards Bureau 


A single Commodity Standards Divi 
sion, which consolidates the Commercial! 
Standards and Simplified Practice divi 
sions of the National Bureau of Stand 
ards, has been announced by Dr. FE. U 
Condon, Director of the Bureau. 

The new Standards 
Division will Bureau's 
coordinating role in the development of 
voluntary 


Commodity 
continue the 


simplified 
mendations and 
with 


practice recom 
commercial 
industrial and groups 
In addition, the division will be respon 
sible for coordinating Bureau work for 
the Federal Specifications Board 
Edwin W. Ely, former chief of the 
Simplified Practice Divisions has been 
appointed as chief of the division and 
F. W. Revnolds, former chief of Com 
mercial Standards. as assistant chief 


standards 
technical 


The Bureau works in close cooper 

non-federal doing 
similar work. At the present time the 
represented on over 100 
committees of the American Standards 
Association and is the managing agen 

for 17 American Standards Association 
projects. Similarly, the Bureau is 
represented on 55 of the 63 technical 
committees of the American Society fo 


tion with agencies 


Bureau is 
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Testing Materials, with more than 100 
memberships. Close relations are main- 
tained with other technical and indus- 
trial organizations. 

An important addition to the divi- 
sion’s functions will be the Federal 
Specifications work. Such specifications 
are vital in the purchase of goods by 
federal agencies because the bid system 
used by the government to ensure Fed- 
eral economies in purchasing and to 
give an equal opportunity to all manu- 
facturers, requires specifications for its 
operation. The division will also par- 
ticipate in the work of the Technical 
Committee of the United States Com- 


Foreign Reports 


Dutch Discover New Plastics 


The laboratories of applied nat- 
ural science at Delft (Holland) have 
found a new group of raw materials, 
so far not described in scientific lit- 
erature, which are claimed to make 
cheaper the manufacture of plastics. 
The new product resembles methy] 
methacrylate. The announcement 
was made by Dr. L. C. Stoutjesdyk, 
manager of the Plastics Institute of 
Delft. 

It is claimed that it will be pos- 
sible to produce plastics with highly 
divergent properties. For instance, 
the surface hardness of plastics can 
be varied. Dr. Stoutjesdyk stated 
that existing Dutch industries would 


find no difficulty: in switching to the 


production of these compounds. 


Indian Standards 
Institution Functioning 


The recently-formed Indian Stand- 
ards Institution already has enrolled 
nearly 300 commercial and corporate 


bodies as 


activities will take. 
a set of Indian Standard 


t 


evidence of meeting and preserving 
quality requirements by strict con- 
trol of production. The National 
Laboratories of the Council of Sci- 


entific and Industrial Research wil 


iid in establishing the standards and 


hecking on adherence. 
Of the five fields to be covered 


vuildings, chemicals, agricultural and 
tood products, engineering and tex- 


. 
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members and has an- 
nounced the form which its first 
It is setting up 
Marks, 
similar to British Standard Specifi- 
ations, which will be granted only 
to producers who give satisfactory 


modity Catalog Board which establishes 
standard lists of items for procurement 
and develops standard nomenclature 
and designation for goods purchased by 
the Federal Government. 


Commissioner Ooms Resigns 


Lawrence C. Kingsland, well known 
St. Louis patent attorney, has been 
named U. S. Patent 
succeeding Casper Ooms. 
appointment 
confirmation, there is no reason to be 


Commissioner, 
While his 
requires Congressional 
lieve that any opposition will develop. 

Mr. Ooms, Commissioner of Patents 


from McGraw-Hill World News 


tiles—only the latter two have been 
dealt with thus far. However, the 
ISI has affiliated with the Interna- 
national Organization for Standard- 
ization and has been assigned the 
task of 
standards for mica and lac, in both 
of which India has a world monopoly. 


setting up international 


Instruments and Measurements 
Conference in Stockholm 


Over 400 delegates from almost 
every country in the world, includ- 
ing the United States, attended the 
Conference on Instruments and 
Measurements and the concurrent 
International Exhibition of Measur- 
ing Instruments and _ Laboratory 
Equipment, held recently in Stock- 
holm. During the conference 50 pa- 
pers were read in five symposia: 

1. Industrial Spectroscopy—17 pa- 
pers. 

2. Testing of Materials and Me- 
chanical Measurements—8 papers. 

3. Industrial Control—g papers. 

5. General and 
Subjects—g papers. 

Following are the titles of the 
seven papers presented in the Metrol- 
ogy Symposium: “Mikrokator Mag 
nifier and its application to Measure- 
ment of Length and Force”, by H. 
Abramson (Swedish); ‘Measuring 
Methods in Machinability  Re- 
search”, by Prof. O. Svahn (Swed- 
ish) ; “Efficient Inspection of Parts 
Produced in Large Quantities”, by 
J. Loxham (English) ; “Standard of 
Length and Angle for Precision 
Engineering”, by H. Barrell, Metrol- 
ogy Division, National Physical 
Laboratory of Great Britain; “The 


Miscellaneous 
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since July 1945, is returning to private 
patent law practice. The agreement 
when he took office was that he would 
remain for at least a two-year period. 

Mr. Kingsland, long a friend of 
President Truman, was picked by the 
Commerce Department last Januar) to 
advise the legislature of the new Phil 
ippine Republic on drafting patent and 
trade mark laws. He is 63, a native 
of St. Louis, graduate of Washington 
University in that city, and has prac- 
ticed law since 1908. Formerly he was 
a member of the Democratic Centra! 
Committee of St. 


Louis. In recent 


vears, he has not been active in politics. 


Art of Measurement in Industri 
by W. Ruggaber (German) ; “Glass 
Gauges”, by V. Hruba (German) ; 
“A Comparator for High Precision 
Measurements of Anglesby the In 
terferometric Vlethod”’, by G. Cas 
sinis. 

The full text of all papers pre 
sented at the conference are to be 
published early next year by the 
National Physical 
Great Britain. 

A new method for the production 
of heavy duty refractory materials, 
claimed to eliminate the use of 
furnaces and based on a rapid proc- 
ess, has been developed by Professo1 
R. L. Pevzner. The new refractory 
thus produced is called “thermito 
mullite,” 


Laboratory of 


and its quality is said to 
be about equal to the best-grade elec 
trocast mullite. 

The new method is based on the 
thermal process for the recovery of 
metal free of carbon, such as chrome, 
manganese, tungsten and _ titanium. 
The new method is said to produce 
a high thermal effect, up to 3000 det 
C, is said not to have been used any- 
where for the production of refrac- 
tory materials. 

The raw 
metallic 


material, secondary 


aluminum, metallic oxide 
and other materials, is cleaned and 
dried, after which it is melted in 
ladles, crucibles or other similar de- 
vices. To ignite the mixture, mag 
nesium shavings with the addition 
of saltpetre, may be used. The melt 
ing takes one or two minutes, at a 
temperature of more than 2000 C 
The examination of “thermomu! 
lite’ at the Geological Institute of 
the Academy of Sciences of the 
USSR has shown it possesses high 
“refrac 
Large scale tests in in- 


mechanical durability and 
toriness’’. 


dustrial furnaces have been started 
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High Temperature Alloys 
Tested at Super-High-Speed 


IN A “BOMB-PROOF” 
Westinghouse 


DUGOUT at the 
Research Laboratories 
scientists are exploding whirling, red- 
hot disks of metal in an effort to de- 
termine the maximum strength of parts 
Disks of spe- 
cial alloys, one foot in diameter and 
one inch thick, will be heated to tem- 


for aircraft jet engines. 


peratures above 1,400 deg. F. 
at the speed of 1,200 m.p.h. (35,000 
rev. per min.) until they literally fly 
apart under the combined attack of 
centrifugal force and heat. 

The disks will be placed in the 
center of a specially constructed dug- 
out, ringed with heavy sandbags and 
attached to the shaft of an ultra-high 
speed motor which is located 10 feet 


and spun 


below the “dugout” floor. Electric heat- 
ing coils provide the high temperature 
required. During testing the 32-lb. 
covered by thin steel hoods 
from which air has been evacuated to 
reduce friction. The 
structed of '% in. 


disks are 


hoods are con- 
steel, so that flying 
fragments of the metal will easily pene- 
trate them. Use of a 


heavier steel 


would cause serious damage to the 


fragments and preveat close 
of the type of 
volved. 

As the heated disk research 
engineers will make continuous measure- 
Methods for 
dificult problem. 


Since the disk is whirling at the rate 


scrutiny 
fracture or break in- 


spins, 


ment of its temperature. 
doing this posed a 
thermo- 
couple attached to the outer rim would 
have a centrifugal pull of approximately 


of 35,000 rev. per min., any 


y”. w 2) 


oP 





The “‘lid’’ goes on as scientists at the Westinghouse Research Laboratories pre- 
pare to explode spinning disks of metal in experiments aimed at measuring the 


maximum strength of jet engine alloys. 


The shining disk in the center of the 


sandbag dugout is attached to a high-speed motor that whirls it at speeds up to 
1,200 miles an hour, while heating coils raise its temperature to 1,400 degrees 


Fahrenheit. 
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This pace is maintained until the disk literally flies apart. 


190,000 times its own weight and would 
have to be fastened strongly enough to 
resist a pull of many thousand pounds, 
The problem was solved by 
welding process. 


a special 


Periodic measurements also will be 
made of the expanding diameter of 
the whirling metal disk. Under high 
stress and temperature, all metals tend 
to creep, and with the very narrow 
clearances in the gas turbine, a know)- 
edge of this rate of creep is vital. 

These destruction tests are aimed at 
revealing the ultimate strength of al- 
loys now used in gas-turbine rotors for 
jet engine application. In actual serv- 
ice, these rotors are subjected to ter- 
rific stress and is 


I 


temperatures. It 
planned to simulate and even exceed 
those conditions until the metal breaks 
up in the hope of deriving a set of 
principles from which behavior of al- 
loys at any temperature and speed can 
be predicted. Such knowledge of the 
physical l'mitations of metals will be 
valuable both in designing present avia- 
tion gas turbines and in pointing the 
way to the development of new and 
stronger alloys. 


Limits and Fits Standard 
Developed by ASA 


A NEW AMERICAN STANDARD, to be 
used as a guide to the machine de- 
signer in keeping to a minimum the 
various tools and gages required to pro- 
duce and inspect cylindrical holes and 
shafts or other component parts with 
cylindrical external surfaces, has been 
developed by a technical committee of 
the American Standards Association, ac- 
cording to P. G. Agnew, vice-president 
of that organization. ‘The new stand 
ard, entitled Limits and Fits for En- 


gineering and Manufacturing (B4.1- 
1947), is a partial revision of the ‘Ten- 
tative American Standard on ‘Toler- 


ances, Allowances and Gages for Metal 
Fits approved in 192.5 
Without 


variety in 


guide, 
shaft 
One large American 
concern carried on its drawings about 
eight hundred holes in sizes of one inch 
and below. 

In the new American standard, 4 
table of preferred basic sizes covers the 
range up to 4 in., inclusive, by as few 
as 46 diameters for holes and shafts. 
The inclusion of a table of this kind 
in a standard referring to fits between 
cylindrical parts is made for the first 
time. 

Most industries use the “basic hole” 
system in which the minimum limit of 
all holes of a given nominal size 1s 


such a 
hole and 


easily grow up. 


excessive 


sizes ma\ 
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kept constant and the maximum limit 
of the shaft is varied in accordance 

ith the character of the required fit. 
The standard of 1925 was based exclu- 
sively on this system. 

The new standard, however, also rec- 
ognizes the “basic shaft” system which 
s used widely, for example, in the 
textile machinery industry. Here, the 
maximum limit of all shafts of a given 
nominal size is kept constant and the 
minimum limit of the hole is varied so 
as to get the required fit. 

The new standard also recommends 
the use of a series of preferred tol- 
erances and allowances, to keep down 
the variety of limiting dimensions of 
component parts and hence, the cost of 
manufacturing. 

\ series of definitions of terms ap- 
plicable to a system of limits and fits 
are given in the new standard. These 
definitions have been agreed on by rep- 
representatives of the American, Brit- 
ish and Canadian national 


he dies. 


standards 


The new standard is intended pri- 
marily for application to fits between 
cylindrical parts, but may be used also 
for fits between parts of a different 
kind, such as a shafting key and the 
kevway in which it is to be inserted. 


Lightweight Gas Turbines 
Developed by Boeing 


Two NEW LIGHTWEIGHT GAS TURBINE 
ENGINES have been announced by the 
Boeing Aircraft Co., Seattle, as part of 
a long-range power plant research pro- 
gram. First gas turbine engines in 
their power class, the Boeing model 
500 turbo-jet produces 150 1b. of 
thrust yet weighs only 85 lb. while the 
model 502 turbo-prop delivers 200 shaft 
hp. and weighs 140 lb. 

The model 500 turbo-jet engine is 
29 in. long by 22 in. in maximum diam- 
eter. High velocity exhaust gases, 
heated to 1,500 degrees F. in two burner 
chambers, drive a 714-in. turbine wheel. 
The turbine and its compressor are at- 
tached to opposite ends of a common 
shaft. Constantly expanding gases rush 
through the turbine and exhaust through 

tail pipe, creating thrust, or forward 
movement, 

The Boeing Model 502 turbo-prop is 
basically the same as the Model 500 
with an additional turbine wheel turn- 
ing the propeller shaft through a gear 
x. In addition to developing 200 hp.. 
the Boeing 502 also exerts 50 lb. of 
thrust. This engine is 42 in. long by 
22 in. in maximum diameter. It is 
adaptable to aircraft or boat use, and 
possibilities as a fixed power source. 





Improved Ice Calorimeter 

In High-Temperature Research 
RESEARCH ON HIGH-TEMPERATURE SPE- 
CIFIC HEATS in the Heat Measurements 
Laboratory of the National Bureau of 
Standards has resulted in the develop- 
ment of a modified Bunsen ice calori- 
meter comparable in precision of re- 
sults with the best of the present-day 
electric calorimeters, and at the same 
time offering certain advantages over 
such instruments. The instrument was 
constructed specifically for use in con- 
junction with a high temperature elec- 
tric furnace to obtain specific heats and 
related thermo-dynamic data at elevated 
temperatures. In addition, this new ice 
calorimeter has provided the most ac- 
curate means for measuring the density 
of ice at its melting temperature, since 
it is free from many of the difficulties 
inherent in other methods. 

In the application of the ice calori- 
meter to specific heat determinations, 
a sealed capsule containing the sample 
material is first heated to a known 
temperature in an electric furnace. The 
capsule is then dropped into the ice 
calorimeter, where the heat evolved in 
cooling to the temperature of melting 
ice is measured. 

The ice calorimeter, by 
volume changes 


measuring 
taking place during 
the melting of ice, measures heat input 
by weighing mercury. In other words, 
the heat given off by the capsule and 
contents is allowed to melt ice that is 
in equilibrium with water in a closed 
system, and the resulting volume de- 
crease is determined by means of mer- 
cury drawn into the system. 

The furnace used with the ice calori- 
meter at the Bureau consists of a ver- 
tical alundum tube, one inch in di- 
ameter, having a chromel winding, and 
surrounded by insulation. Tests at tem- 
peratures up to 1000°C with thermo- 
couple junctions located at various 
points within the furnace indicated that, 
under optimum conditions, gradients of 
only a few tenths of a degree per inch 
still existed in the central region in 
which the capsule was to be suspended. 

The calorimeter is provided with a 
thin-walled central well of low thermal 
conductivity, into which the capsule 
containing the sample is dropped after 
heating to the desired temperature in 
the furnace above. The lower part of 
the well is surrounded by two coaxial 
glass vessels, which provide an insulat- 
ing space between an inner ice-water 
system and a surrounding ice bath. The 
space between the central well and the 
inner glass is filled with air-free water, 
which is partially frozen at the begin- 
ning of an experiment. Any change in 
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Operation of the specially designed 
radiation gate of the improved Bunsen 
ice calorimeter, developed at the Na- 
tional Bureau of Standards, is demon- 
strated by D. C. Ginnings, scientist in 
charge of high-temperature research. 
The sample material is first heated to 
a known temperature in the cylindrical 
resistance furnace (upper center) and is 
then dropped into the central well of 
the calorimeter where the heat evolved 
in cooling to 0 deg. C is measured. 


volume due to melting ice in the inner 
vessel is transmitted to a mercury res- 
ervoir, resulting in a change in the 
amount of mercury in a weighed beaker. 

The high-temperature specific heat 
apparatus was originally designed and 
constructed during the war for the 
atomic bomb project. After a series of 
calibration experiments, the — specific 
heats of uranium metal and some of its 
salts were measured. The Bureau has 
also furnished high-temperature specific- 
heat data upon several substances re- 
quested by industry. 

Information on the thermal proper- 
ties at high temperatures of certain ma- 
terials, particularly metals and cera- 
mics, is needed in. such fields as metal- 
lurgy and engineering-equipment design. 
In metallurgical processes it is often 
of importance to know the heat re- 
quired to change the temperature of a 
metal or to melt it. In the design of 
chemical or other equipment to be used 
at high temperatures the engineer must 
consider such factors as the heat to be 








supplied to raise the temperature of 
the starting materials, or the heat to 
be removed to lower the temperature 
of the products or the heat developed 
or absorbed that must be transferred 
through the walls of the apparatus. 


SAE Developing New Data 
On Cold-Drawn Steels 


PREPARATION OF STANDARD SPECIFICA- 
TIONS for cold-drawn steels has been 
undertaken by a new division, XVII, 
cold-drawn steels, of the SAE’s Iron 
and Steel Technical Committee. The 
project is viewed as a step toward wider 
use of these basic materials in the auto- 
motive industries with consequent sav- 
ings in time and production costs and 
betterment of such parts as studs, bolts, 
shafts, pinions, axle tubes, frame sup- 
ports, and shackle pins. 

Initial work of the division, compara- 





tive testing of automobile propeller 
shafts made from 125,000 psi cold- 
drawn, cold-drawn stress-relieved and 
heat-treated steels, is designed to es- 
tablish physical properties and to sug- 
gest potential applications. The 
further are intended to substantiate 
present beliefs that a wide range of 
physical properties of steel can be de- 
veloped by cold-working which, ac- 
celerating machining operations by two 
to six times those of heat-treated steel 
and drastically curbing losses in the 
process, afford substantial savings in 
production time and costs. Data will be 
sought on retention of impact strength, 
relieving trapped stresses, and relative 
shear, all in comparison with hot-rolled 
steel. 

The project is an outgrowth of a 
wartime recommendation by Army Ord- 
nance that the Society of Automotive 
Engineers sponsor these studies. 


tests 





DISCUSSIONS AND COMMENTS FROM READERS 





Standard Drafting Practice 


To the Editor: 

I have read the article “Basic Stand- 
ard Drafting Practice’ by G. E. Row- 
botham, published in the July issue of 
Propuct ENGINEERING and_ agree 
wholeheartedly with Mr. Rowbotham’s 
ideas regarding this subject. 

We have been trying to compile such 
a drafting room manual for our own 
department which would necessarily be 
much smaller than the manual sug- 
gested in the article, but the basic ideas 
in compiling one would be the same. 
We would like to obtain a copy of some 
of these manuals from other companies 
but do not know how to go about it and 
are wondering if you could advise us. 
In other words, is it possible to pur- 
chase or otherwise obtain one of the 
drafting room manuals from one of the 
automotive companies, such as General 
Motors or Ford? Our idea is not to 
copy such a manual but to use one of 
them as a guide. 

We would greatly appreciate any in- 
formation you can give us on this sub- 
ject. —\V.F. Frye 

Chief Engineer 
U.S. Slicing Machine Co. 


To the Editor: 

I wish to thank Mr. Frye for his 
friendly interest in my artcile, and rec- 
ommend that he purchase a copy of the 
“Chevrolet Draftsman’s Handbook”. 

The handbook sells for forty cents 
and may be purchased from Chevrolet- 
Central Office, General Motors Corp., 
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General Motors Building, Detroit 2, 
Michigan. 

Other manuals worthwhile reviewing 
The SAE Aeronautical Drafting 
Manual which may be purchased from 


the Society 


are: 


of Automotive Engineers, 
Inc., 29 W. 39th St., New York 18, 
N. Y.; The ATSC Drafting Room 
Manual 57-0-2 released by Headquar- 
ters, Air Technical Service Command, 
Army Air Forces, Wright Field, Day- 
ton, Ohio; The Ordnance Department 
Drafting Room Regulations released by 
the office, Chief of Ordnance, United 
States Army, Pentagon Building, Wash- 
ington, D. C.; and individual company 
manuals compiled by various concerns 
throughout the country. 

Any further help which we may be in 
a position to offer with regard to draft- 
ing practice will he forthcoming on re- 
quest. G. FE. RowrotrHam 


Defends Industrial Research 
By Universities 


To the Editor: 

Mr. Toulmin’s comments are, in 
part, well justified, and with these one 
can agree. There are others that seem 
to be based on misconception, or on a 
point of view that calls for clarification; 
on these | wish to comment. 

His title, which is a positive asser- 
tion, is perhaps journalistic exaggera- 
tion. uni- 
from that 
done by research foundations can hardly 


“Commercial” research by 


versities as distinguished 


be considered a threat to either science 


Propuct 
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or education. Perhaps the implication 
is intended that universities which have 
organized research foundations as sepa- 
rate corporate entities have been neither 
sufficiently careful to 
management of the 
sufficiently meticulous in separating th 
physical facilities and personnel of the 
Without such separa 
tion, confusion as to functions and op- 
erations is likely to result. 

Similar confusion seems to beset Mz 


assure separate 


foundation, nor 


two institutions. 


Toulmin when he states that research 
afhliated with 
have the primary function of develop- 
scientists and delve into the 
fundamentals ot natural 
This, from my observation, is not the 
fact than re 
rather than discover 
fundamentals of natural 
So long as the foundation does 


foundations universities 
ing new 
basic laws. 
case. Is it not rather 
search, to apply 
“the 
laws’’? 


basic 
not pretend to be “purer’’—in the sense 
of devotion to “pure” research—than it 
is, I can see no ground for criticizing it 
But 


is a matter of fact, isn’t it doing so? If 


for not developing new scientists. 


we need more workers in applied 
science, is not training in the labora- 
a research foundation as effec- 
factor in the training of 
as some other kinds of train- 
ing might be? 

On the other hand, if by “developing 
new 


tories of 
tive a ‘new 


scientists” 


Mr. Toulin means that 
should receive training in 
the fundamentals of physics, chemistry, 
and mathematics 
they may 


scientists” 
young men 
in such measure that 
become qualified to do inde- 
of whatever kind, | 
differ with him as to where the obliga- 
tion rests to provide that training. To 
me it seems clear that this is solely the 
function of the university. And _ this 
function is unquestionably recognized by 
universities as their obligation. ‘True, 
more scientists are needed. Their train- 
ing through the master’s or doctor’s 
level is being done by universities. If it 
is this kind of education in science that 
Mr. “Toulmin thinks is threatened. | 
doubt that he is right in his belief. 

A research foundation affliated with 
a university is likely to become a fair 


pendent research 


target for criticism unless it exercises 
extreme care to avoid unfair competi 
tion with commercial agencies which 
exist for the same purpose. By unfair 
competition I mean the thing Mr 
Toulmin condemns, namely, the doing 
of “cheap” research for industry. The; 


can do it “cheap” because the uni 
versity’s accounting system ignores 
overhead items which the commercia 


consultant cannot overlook. Moreover: 
if its charter calls the foundation “non 
profit,” it may not have the tax burder 
to which the commercial consultant 
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subject. It seems hardly cricket that a 
foundation, perhaps under control of a 
iniversity administration, should engage 
in a demoralizing kind of competition 
with university alumni, perhaps from 
the same institution, which the univer- 
sity has trained for the careers they are 
following. Nonetheless—granted that 
some foundations are doing “cheap” re- 
search for industry—this’ still does not 
onstitute a threat to science and edu- 
ition. 

Too many foundations have, I sur- 
mise, been promoted under the illusion 
that they would inevitably produce a 
sizeable income for the university. 
[heir promoters were probably spurred 
on by the example of the Wisconsin 


of the Wisconsin Alumni Research 
Foundation (which, contrary to Mr. 
Toulmin’s implication, was not. or- 
zanized by, and is not under the con- 
trol of the University of Wisconsin) 
s not likely to be repeated in any other 
foundation. Expectation—or hope—of 
large income for the support of research 
from patents resulting from work of 
the foundation is almost certainly fore- 
doomed to disappointment. 

At Northwestern University there is 
no research foundation. The Technolog- 
ical Institute is its school of technology, 
which has as its primary function 
the training of students in engineer- 
ng and applied science, including 
training at graduate ievels to the doc- 
torate. In the thinking of those re- 
sponsible for its development, research 
s unquestionably an essential function 
of such an institution. The research 
function makes for more competent, 
better known teachers, and for better 
training of its students particularly at 
the upper levels. It must not be for- 
zotten that engineering is, in essence, 
ipplied science, and that therefore engi- 
neering research is bound to have a 
developmental flavor. However, there 
ire problems of applied research as 
Jasic to engineering as are the problems 
in “pure” research to physics, chemistry, 
nd the other fundamental sciences. 

So long as the engineers and scientists 

a university staff confine their re- 
searches to the things that are funda- 
mental in their respective fields, there 
small likelihood that bedevilment by 
ommercial” or patent perplexities 
will arise. Should there be patentable 
invention in a research project done 
nder university auspices, the  uni- 

rsity, as a public institution, has an 
obligation to see that administration of 
patent is in the public interest. At 
same time, the university must erect 
Sateguards against its becoming in- 
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volved in litigation, or against having to 
become actively engaged in the com- 
mercialization of patents. Any financial] 
benefits accruing to the university or its 
staff by the route of research must be 
regarded as incidental, and _ financial 
returns must not be a motive in the 
research. The university should con- 
fine its research to an unrestricted and 
uninhibited search for basic knowledge. 
In so doing, it will be contributing in 
full measure to the social and economic 
welfare of the public, for basic know]- 
edge is the grist for the mill of indus- 
trial research; or, to change the meta- 
phor, it is the solid foundation on which 
the structure of our material civiliza- 
tion is built. 

Mr. Toulmin’s comment that it is 
“fatal for commercial laboratories to 
go too far into fundamental research” 
makes one wish that he had given ex- 
amples. Examples to the contrary can 
be cited. —Two large commercial labora- 
tories of this country have Nobel prize 
winners in pure science, for work done 
in those laboratories. Although it is 
true that an industrial laboratory can 
offer salaries so much in excess of 
salaries in universities that “they tend 
to entice the ablest scientists away from 
the universities where they belong,” 
there has been no overwhelming evi- 
dence even in these times of almost 
frenzied competition that the “‘ablest” 
scientists are drifting into industry. As 
a matter of fact, some very abl 
scientists have within the past few years 
made a change in the opposite direction. 
There is no doubt about the shortage 
of scientists; but when in the next five 
or six years we have again approached 
equilibrium between supply and de- 
mand, the universities will not have to 
worry at all about migration of their 
ablest men into industry. Those who 
feel drawn to the kind of research that 
requires opportunity for undisturbed 
contemplation and for uninterrupted ex- 
perimentation are quite likely to act 
on the conviction that the university 
atmosphere is more conducive than is 
that of the commercial laboratory to 
this method of doing creative work. 

Finally, it seems to me that if uni- 
versities with associated research 
foundations take great care first to 
formulate explicitly the purposes and 
functions of the foundation, and second, 
to provide safeguards against confus- 
ing those functions with the normal 
functions of the university, the threat 
implied in the title of Mr. Toulmin’s 
article will completely vanish. 

—Paut E. Kiopstsc 
Director of Research 
Northwestern Technological Institute 
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MEETINGS 


October 9-10 

Porcelain Enamel Institute— \nnual 
Meeting, Cleveland, Ohio 
October 16-17 

National Conference on Industrial 
Hydraulics—Third annual meeting, 
Sheraton Hotel, Chicag: a 
October 18-25 

American Society for Metals—Na 
tional Metal Congress, International 
Amphitheatre, Chicago. 
October 20-21 

Society of Automotive Engineers 
Production Meeting, Carter Hotel, 
Cleveland, Ohio 


>? 


20-22 


October 

American Society of Mechanical En- 
gineers—Fuels Div., Joint Meeting 
with the Coal Division of the American 
Institute of Mining and Metallurgical 
Engineers, Cincinnati, Ohi 
October 20-23 

American Institute of Mining and 
Metallurgical Engineers—Iron and 
Steel Div. and Institute pf Metals Div., 
Annual Meeting, Stevens Hotel Chi 
cago, IIl. 
October 20-24 

American Society for Metals——An 
nual Meeting. Palmer House, Chicago 
October 20-24 

American Welding Society -\nnual 
Meeting. Sherman Hotel Chicago, Il 
October 21-25 

Pacific Industrial Conferences—Con- 
current with Pacific Chemical Exposi- 
tion, San Francisco Civic Auditorium, 
San Francisco, Cal 
October 23-25 

Optical Society of America-—Thirty- 
Annual Meeting. Netherland 
Plaza, Cincinnati, Ohio 


Second 


November 3-5 

National Electronics Conference— 
Sponsored by the American Institute 
of Electrical Engineers, and the In- 
stitute of Radio Engineers; Edgewater 
Beach Hotel, Chicago 


November 5-7 
American Society of Body Engineers 
\nnual convention, Rackham Me- 
morial Bldg., Detroit, Mict 


November 6 7 

Society of Automotive Engineers— 
Fuels and Lubricants meeting, Mayo 
Hotel, Tulsa, Okla. 


December 1-3 

Society of Automotive Engineers 
Air Transport Meeting, Hotel Conti- 
nental, Kansas City, Mo. 


December 1-6 

Twenty-First Chemical 
Exposition—Grand Central 
New York, N. Y. 


Industries 
Palace, 
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DIELECTRIC 


HEATING 


How to determine when dielectric 


heating is desirable and can be 
applied with profit in industry. 


B. E. RECTOR 


Electronic Engineer, 
Westinghouse Electric Corporation 


MOST of the possible uses for dielec- 
tric heating must be analyzed care- 
fully to determine whether or not 
this electronic method of generating 
heat is desirable and profitable. For 
example, in addition to basic consider- 
ations such as the characteristics of 
the material to be heated, a convenient 
steam line, available wood scrap, or 
similar local conditions may be the 
deciding factor. Each application 
should be judged on its own merit. 
In dielectric heating, the material 
to be heated is generally a non-con- 
ductor of electricity such as wood. 
plastics, rubber, or textiles. In the 
heating operation the material is 
placed between two metallic surfaces 
or metal sheets that are energized by 


high frequency power generators sup- 
plying 2 to 200 million cycles per sec. 
at voltage up to 15,000 or more. A 
typical circuit is shown in Fig. 1 for 
high frequency heating. 


Dielectric heating imparts heat 
instantaneously to the core and exter- 
nal surfaces of the 


material with 
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inductance « 


approximately equal intensity. “Thus, 
getting heat inside the material does 
not depend upon the heat conductiv- 
ity of the material. 


Six Application Factors 


When considering the use of dielec- 
tric heating, factors that should be 
analyzed include: 

1. Properties of the material to 
be heated; size, shape, and electrical 
characteristics. 

2. Increased functional and 
values by 


sales 
using dielectric heating. 

3. Effect on cost of manufacturing 
the product. 

4. Changes in machine operating 
costs or cost of process performed by 
the machine or product when used by 
the customer. 

5. Differences in maintenance 
costs, including replacement of parts. 

6. Relative technological consider- 
ations of electronic operation. 


In general for uniformity of heat- 
ing the dielectric material to be heated 


Propuct 


should be uniform in thickness and 
reasonably homogeneous. But there are 
ways of heating certain types of non- 
uniform shaped sections uniformly. 
Sometimes two pieces, such as wedge 
shaped parts, can be placed in com- 
plementary positions to give uniform 
thickness. Also sometimes the elec- 
trodes can be spaced so they are away 
from the thinnest section of the ma- 
terial to be heated and near at the 
thickest section, or even in contact 
with the material. This method 1s 
relatively critical for production proc- 
esses and usually should be avoided. 

Compared with other heating meth- 
ods, advantages of dielectric heating 
include: Faster and more efficient 
production, less labor, reduced space, 
increased cleanliness of operation, 
higher quality of the product, and 
combinations of these factors. 

Dielectric materials are 
poor conductors of heat as well as of 
electricity. In conventional heating 
processes the importance of heat con- 
duction increases with the thickness 


usually 
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. * - . . 
Table I—Characteristics of Dielectric Materials 
Ee 
General Note: Correct all power factors for distributed capacity of electrodes and shielding 
Density eé = power factor e’ dielectric constant "ie factor 
-— —| Sp. |—_—__—__—_—_—— - - 
NAME ht. 1 mc 5 me 10 me 15 me 30 m« 
gm Ib/in.3 —-—---- ----- —— —— - —— | —— - - - — 
ce e | ¢é’ e”’ é e’ e é e ge é é é é e é 
Amber (Softens, 250 deg. C).......|1.1 0.04 0.002 2.9 0.0058 
Asbestos sheet......... -.. 2.0.5 (0.0181.0.195'0.32 4.6 11.46 0.21 |4.1 0.85 0.15 3.9 0.585 (0.12 13.8 0.456 0.08 3.3 0 264 
Asbestos sheet > an with | 
thermosetting plastic...... , 0.0015 1.022:0.00153 
Beeswax, yellow (Softens, 60 deg. C) 0.96 |0.0348 0.016 3.2 0.0511 
Cellulose acetate......... a oears 0.45 0.099 |4.6 |6.455 
Cellulose nitrate (Softens. 60-90 | | 
ei pae 1.42 0.053 |0.36 |0.085 |6.18.0.525 
Chocolate — cake form.... ; 0.0241 |3.26 0.0786 
ren ; 0.04 
Fibre-bone — vulcanized. . ; 1.3 0.047 0.05 (§.75'0.25- 
0.27 
‘ae game lea (et 
ibre sheet — C-598..... ; j | ; ‘ 27 
Fibre sheet — Spauldite GB-1. 0.034 (4.4% 0.15 
Insanol or Mycalex (insulator)... 0.001 7.5 0.0075.0.0017.5 0.0075 0.001 7.5 0.00750.001 7.5 |0.0075 0.0012 7.5 0.0093 
Nylon (small samples). ...... 0.55 0.028 3.3 0.0925 0.0243.3 0.079 0.024 3.3 0.079 0.024 |3.25 0.078 0.022 3.2 0.075 
Paper — corrugated asphalt impreg- 
sete Peetu eieks near 0.022\1.420 0315.0.022 1.42:0.0315 0.020 1.42 0.024 0.020 1.4 0.028 
Plexiglas Kee rare donee 0.022 2.780.061 0.017 |2.78 0.047 
Rubber — Pure Gum... 0.007 2.150.015 0.01 (2.15 0.0215 
uncured.......... 2.4 0.0866 0.012. 3.25 0.039 0.012 ® 0.0384 
95% cured............. 3.6 0.13 0.0374.0 0.148 0.03 (4.0 0.12 
Medium grade uncured. 4.5 |0.162 0.018 5.0 0.090 0.015 (5.0 0.075 
Medium grade cured.... 4.3 0.155 0.10 6.0 \0.60 0.082 (5.8 0.475 
Low grade uncured...... 4.6 0.166 0.02 6.0 |0.12 0.018 (5.9 (0.106 
' Low grade cured.......... 4.2 0.152 0.103 7.4 0.764 9.068 (6.9 0.47 
WReclaimed..............05. 5.6 0.202 0.03 |4.6 0.138 0.025 4.5 6.113 
) Pure pale crepe. ........... | 0.004/2.1 0.0084.0.004 2.1 0.0034 0.005 2.2 0.0105 
Buna S— pure........ 0.006|2.20'0.0132,0.006 |2.2 0.0132 0.007 2.2 0.0154 
With carbon black......... 4" 0.028 10.7 \0.29 
Synthetic crumb | 0.00281\1.67 0.00467 
Shellac See - 1. 1.0L \0.0364 0.009 3.1 0.028 
Soya bean oil (Softens, — 10 deg. C) 0.925'0.03340.5 | 0.098 1.9 0.175 0.088 |2.3 0.21 0.07) [2.5 0.175 
‘obacco — green uncured....... 0.168)2.57\0.432 
vine, paper, spools 20% moisture 0.07 2.4 0.16 ; 
Wheel — grinding 85% alundum 0.031\6.9 |0.214 0.038 6.5 (0.247 
Wheel — grinding 80% alundum... . . 0.067'11.4.0.765 
Wood — Birch............ ..../0.63 |0.0238) 0.0648)'5.2 0.337 
ik cansnesanss ‘|0.62 |0.0224 0.033 |4.4 0.145 
i coo sacs ‘10.69 |0.025 | 0.03853.3 0.127 
mepw0od (Fir)... 6 cscs ccesece }0.41 |0.0148) 0.035 3.1 0.1085 
Note: Sp. heat of wood = 0.226 +| 
).000644 (‘I — 32), where T is deg. F.| | 
and of the material. ‘To get sufficient 
are heat inside the material for a desired 
lon- result, such as drying at satisfactory 
nly. speed, the temperatures required are 
dge often high enough to damage the sur- a 
' c . . osci/laror ~ —— 
‘om- tace of the material. Plastics up to a Tank 
. I . . / Capac/for 
orm ¥2 in. thick or paper up to about % _ 
elec- in. thick, for example, can be heated ies Bernt 
. . . ° rh inductor Hor 
wa) with hot platens as well as dielectri- Choke /oapaciter Site 
V4- ve 4 ° ¢ Xu | . 
ma cally. But thicker sections of plas- v pees is sini “3 
, . ly pass 
the tics or paper can be heated much more iS capacitor y capacitor 
a us : : : 9 | 
itact ettectively by dielectric heating than ‘ wv 
° i 4 
dis by hot rolls or platens, which over- ; By pass Choke | 
dro heat the surfaces and in drying proc- | & Grid nad Grid : | = 
ided. esses may seal moisture inside. ae Loaa/ poe a 
. Se ° resistor Aoke netwo 
neth- Dielectric heat can be applied to 
ating cut sheet material by squeezing it be- inductor 
cient tween metal electrodes, or to con- Power 
pace, tinuous strip by passing it between —_— 
(tion, the electrodes. The latter technique 
and reduces the required size of electrodes, 
simplifies keeping a uniform electric To high + 
. ae ; te tif 
ually held between the electrodes, and often veriage reetier 
as of offers advantages in the batch pro- 
ating duction of single sheets. 
- con- Besides avoiding the difficulties re- 
-kness sulting from low rate of heat conduc- Fig. 1—Circuit schematic for typical dielectric heating unit used in industry. 
047 Dr res — om , = ‘ | = 
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tion, control of dielectric heating is 
simple and the rate ot heat input to 


the material can be held more ac- 


‘urately than with hot platens or 
rolls. In dielectric heating the heat 


produced simultaneously in every 
particle of the material can be timed 
srecisely. When heat originates from 
hot platens or rolls, it takes time to 
change their temperature, and time 
for the heat to penetrate into the 
material. 

Machines for dielectric heating are 
simpler to design and build than are 
machines that apply heat by means 
of steam, hot water, or gas with their 
cumbersome piping and flexible con- 
nections. The electric power gener- 
ator is usually a separate unit and 
is connected to electrodes on, or ad 
jacent to, the machine. Generally, 
a machine using dielectric heating oc- 
cupies less space than one using hot 
water or steam. ‘The dollar savings 
in piping, valves, and platens or rolls 
is usually more than offset by the cost 
ot the high frequency generator. 

The cost of operating a dielectri 
cally heated machine is always much 
higher than one heated by steam or 
hot water. This is especially so if 
steam is generated by burning scrap 
wood, sawdust, or other by-products 
of a manufacturing operation. 

The basic operating cost of radio 
frequency generators is shown in Fig. 
2. The three main costs are: Tube re- 
placement, power, and amortization 
of original investment. 

\laintenace is more costly with hot 
hot rolls or 
platens must be kept in good con- 
dition 


water or steam heating ; 


pipes and fittings sometimes 
have to be replaced, and joints and 
valves must be repacked periodically. 
Such maintenance stops the machine 
for varying lengths of time, but re- 
placement of tubes trom stock is done 
in a few minutes. 


Rate of Heating 
Physical and electrical character- 
istics of the material affect the rate 
of heat generation and hence the ap- 
proximate rate of increase in tempera- 


ture rise. Where: 
W rate of heating, watts 
area of electrode, sq. in. 


thickness of material, in. 
frequency, cycles per sec. 
E = voltage, r.m.s. 
loss factor of material (dielectric con- 
stant X power factor) 


The rate of heating dielectric ma 


lot 


terials can be calculated by, 


1.4L APE" 
a a 


For successful dielectric heating, 
resistivity of the ma- 
formula) usually 
1,000 ohm- 


varies de- 


the electrical 
terial, (not in 
should be greater than 
This limit 
pending on the thermal conductivity 


centimeters. 


and other characteristics. 

The rate of heat generation in a 
material at a given voltage is pro- 
portional to the square of the voltage 
Thus, 
if it is desired to double the rate of 
temperature rise, JV will double and 


applied across the material. 


Since for 
most applications all factors in the 
equation excepting E and f are known, 
often an application is a compromise 
By doubling the 
the voltage across the ma- 


FE. will be increased by \/2. 


of these two factors. 
frequency, 
terial is reduced by \/2. To keep the 
voltage within reasonable limits, the 
frequency should be as high as prac- 
ticable. “The two factors that limit 
the increase in frequency are voltage 
distribution and oscillator design. 
‘The maximum permissable voltage 
is limited by arc-overs and corona. 
Frequency is limited by the increas- 
ing nonuniformity of voltage distribu- 
tion, particularly when the electrode 
areas are large. The capacitive re 
actance of a large area may be so low 
that “tuning the load” is extremely 
dificult, or impossible. The large 
currents produced may be difficult to 
control. Long loads may 


waves that 


produce 


standing cause uneven 
heating. 

For a given maximum operating 
voltage, the rate of heating cannot be 
indefinitely increased by increasing 
the area of electrodes because the fre- 
quency must be decreased. Using 
the smallest effective area that gives 
. tavorable voltage distribution across 
the face of the electrodes, sometimes 
permits use of a higher frequency. 

The equation shows that power 
input is directly proportional to the 
loss factor of the 


heated. 


material being 
The loss factor is a measure 
of the energy absorbing ability of the 
material when in a varying electrical 
field. ‘The specific inductive capacity 
and power factor determine the loss 
factor. The practical lower limit 
appears to be between 0.005 and 0.01. 
Polystyrene and quartz, for examples, 
have lower values and are difficult 
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to heat dielectrically. ‘he uppe: 
limit is determined by electrical con 
ductivity of the material, a point be- 
ing reached where the material re- 
sponds to inductive fields. Usually 
the loss factor of a material has to 
be determined by 


tests. Since it 


usually varies with frequency, tem- 


perature, and moisture content, 
measurements are made for the ex- 
pected variations of the material be- 
fore and during heating. 
Standards established by NEMA 
are based on the power output of the 
unit rather than power input. Rat- 
ings are 2, 5, 10, 20, 50, 100, and 
200 kw. Up to 20 kw., frequencies 
up to 27.3 megacycles are used. Above 
20 kw. frequencies as high as 13.6 
megacycles are available. For fre- 
quencies up to 200 megacycles present 
generators are limited to a few hun- 
dred watts. Most production ap- 
plications use frequencies between 2 
and 30 Practically, 
above 20 kw. frequencies of less than 
20 megacycles appear desirable.  In- 
creasing the 


megacycles. 


frequency to increase 
output of generators is limited be- 
cause this intensifies unequal voltage 
distribution between electrodes. 
Potentials of less than 20,000 volts 
between electrodes minimize corona 
and arc-overs. Since the dielectric 
material may be punctured, the prob- 
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Fig. 2—Approximate basic operating 
cost in dollars per hour for dielectric 
heating units ranging from 3 to 200 kw 
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Fig. 3—Spools of rayon and nylon are quickly twist set by high frequency heating in this textile applica- 


tion. (Right) Loading material 


able voltage gradient usually is less 
than 2,000 volts per in. in porous 
materials and less than 5,000 volts 
per in. in dense materials. When 


the material must not touch the elec- 
trodes, such as Fig. 3, the voltage 
the air or other sur- 
rounding medium may cause break- 
down at lower voltages. 


gradient in 


Because of these electrical limita- 
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Fig. 4—Voltage conditions across work 
when two materials of different dielec- 
tric constants are between electrodes. 
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on conveyor; (left) 


tions, when heating large areas the 


frequency and rate of introducing 
energy into a material must be re- 
duced. Scanning or moving the ma- 


terial across smaller electrodes some- 
times increases speed and minimizes 
the nonuniform voltage distribution 
between electrodes. 

In dielectric heating little heat is 
lost by conduction from the material 
to the Generally, rela 
tively thin sheets of low thermal ca- 
for the electrodes 
and a small amount of heat brings 
them to the temperature of the ma- 
If the electrodes 
are massive, sometimes steam or hot 
them to a 
ture approaching that of the heated 


electrodes. 


pacity are used 


terial being heated. 


Water can heat tempera- 


material. Sometimes it is practical 
to insulate the electrode thermally 
from the material. 

The 
for dielectric 
B. t. u. 
heated, ranges between | and 2 cents 
per 1,000 B.t. u. On the basis of cost 
per 1,000 B.t. u., heat produced by 
radiant lamps costs 0.25 to 1 cent and 
steam supplied to the press or other 


approximate operating cost 


heating, in terms of 


input to the material being 


heat transfer medium costs approxi 
mately 0.01 to 0.7 cents exclusive of 
transmission and radiation losses. 

Because such costs vary widely for 
different plants, dielectric heating may 
be economical for a process in one 
plant but uneconomical for a similar 
process in another plant. 
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Spools passing between electrodes 


inside oven. 


Specific applications of dielectric 
heating to different materials show 
the influence of some of these factors. 
In drying paper the efficiency of dielec 
tric heating depends to a large extent 
upon dielectric properties of the paper 
and its thickness. Generally %%4 in. 
air spaces separate electrode surfaces 
trom the paper passing between them 
so the paper will not be marred by 
physical contact. 

Satisfactory heating rates could be 
500 


‘To develop 500 volts between 


obtained with volts across the 
paper. 
the taces of the paper would require 
150,000 the 


This is because of the difference in 


volts across electrodes. 
dielectric properties of air and wet 
See Fig. 4. 
laver of paper at high rates is at best 
difficult by 
dielectric heating technique. If the 


paper. Heating a thin 


extremely conventional 
paper thickness were 4 in. or more, 
dielectric heat might be superior to 
steam, particularly if electrodes can 
touch the material. 

The possible advantage of using 
heat 
drums for drying paper is because of 


dielectric heating instead of 
paper’s low thermal conductivity and 
the 


advantage increases with the 
Heated drums 
dry the outer surface first and seal 
Dielectric 


heat dries the center first and sup 


thickness of the paper. 


moisture in the center. 
plies more energy to wet spots than 
to adjacent dry areas. ‘This tends to 
dry the mass uniformly. In both 


16] 











Fig. 5—Heating plastic preforms with a 30 megacycle radio frequency generator. 


methods a current of hot air removes 
the water vapor. 

Experiments have been made to 
combine the efficacy of dielectric heat- 
ing and the economy of steam heated 
drums. ‘The core of the paper is 
heated first dielectrically to the de- 
sired temperature and then the less 
expensive steam-heated drums com- 
plete the drying. 

Dielectric heating is efficient for 
some thin material, such as certain 
plastic impregnated paper and cloth 
that have favorable dielectric proper- 
ties. In one application, substantial 
savings were made by changing from 
batch production of single sheets in 
presses to a continuous and more 
efhicient roll process. 

The controlling tactors in the 
choice of heating method do not 
always have a direct relation to rela- 
tive efhiciencies of dielectric and other 
heating methods. Space requirements 
of equipment, reduction of time, and 
cleanliness of dielectric heating are 
Often such 
favorable to 


sometimes important. 
tactors are dielectric 
heating. 

In a typical application, a 25 Ib. 
box of frozen apples is thawed in 


approximately 2 minutes by using a 
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20 kw., 13.6 megacycle R-F genera- 
tor. Such quick thawing improves 
quality, requires less storage space, 
and provides more flexible use factor 
in different variety of types of frozen 
foods. 

Dielectric heating is used for many 
processing operations including gluing 
and drying thick laminated wood 
members, scarf splices, wood and plas- 
tic propellers, and miscellaneous wood 
gluing operations for aircraft; pre- 
heating plastic material to the mold- 
ing temperature; sealing bags of plas- 
tic material, or paraffin coated paper; 
edge joining sheet plastic; making 
thermoplastic seals in ceramic parts 
such as spark plugs; and drying and 
twist setting textiles. 


A general use today is heating plas- 


tic preforms before molding, as shown 
in Fig. 5. Heat softens the materi 
so time for closing the mold is r 
duced. On one large plastic part, fi 
example, the time was reduced from 
several minutes to a few seconds. ‘Tl 
time for curing was reduced from half 
to a fifth the normal time because t! 
plastic and semifluid material cor 
ducts heat from the mold more ra; 
idly. 

Since mold pressures are also less, 
molds last longer or can be made of 
Because the 
lower pressure exerts much less force 


less expensive material. 


on the positioning pins, it is easier to 
use small, delicate inserts. 


Future Uses 


Proposed future uses of dielectric 
heating include many applications for 
sterilization, pasteurization, and dehy 
Breakfast foods may 
be sterilized in the package. Elec 


tronic heating may do a better job 


dration of food. 


of defrosting bulky packages of frozen 
foods and fruits. 

Dielectric heating is being tried for 
gluing optical lenses, furniture, slide 
rule blanks, paper, woodenware, door 
and door frames. The curing and 
drying of sponge rubber and sponge 
rubber products offers exceptional pos 
sibilities. Edge gluing and spot glu- 
ing by dielectric heating has attractive 
features for the wood working indus 
tries. In certain types of chemical 
reactions dielectric heating may be 
come practical, for example, heat cre 
ated by selective frequency may have 
a desired catalytic effect. 

Dielectric heating has a promising 
future. Since it often can produce 
results not readily obtained by other 
methods, dielectric heating provides 
industry with an increasingly valuable 
tool. But it is not a cure all, since 
careful analysis and sound engineer- 
ing judgment are necessary for the 
economical use of dielectric heating. 


If HAS BEEN SAID that Dr. Rudolph Diesel attributed the discovery of the 


“diesel principle” to his visit with an old Samoan “firemaker”’. 


The Samoan 


used a section of bamboo, closed at the bottom, in which a plunger stick 
could travel. The plunger was depressed rapidly with a piece of dried moss 


attached to it. 


The moss ignited and an idea was formed. Dr. Diesel 


reasoned that if the temperature of the air could be raised to ignite moss it 


could also be used to ignite a low-cost fuel. 


He contemplated introducing 


coal dust into an internal combustion engine cylinder and igniting it with the 
hot air formed by a compression stroke. After meeting great difficulty with 


this fuel, he tried oil. . 
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and the diesel engine was established. 
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Fig. 1—Typical cross-sections through impeller and housing of a turbine pump used for pumping liquids of low viscosity. 


Analysis of Turbine Pumps’ 


WARREN E. WILSON 


Director of Research, Sundstrand Machine Tool Company 


Components of fluid flow and distribution of velocity of flow through turbine 
pumps and an analysis of their principles of operation. Laminar and turbu- 
lent flow patterns are discussed, and simplified characteristic equations are 


derived on the basis of certain ideal assumptions of pump geometry. 


FOR pumping water and other liq- 
uids of low viscosity the turbine 
pump, which is sometimes known as 
the peripheral pump, has long been 
used. But there appears to be some 
possibility that this type of pump may 
have uses hitherto unsuspected be- 
cause of the lack of a thorough under- 
standing of its operating principles. 
\ theoretical analysis of turbine 
mp performance supported by some 
e\perimental evidence, was presented 
by Myagi and Miyadzu, (Tohoku 
Imperial University Reports Vol. 13, 
1939.) These authors classify the 
turbine pump as a rotary pump. This 
ssification is sound since the theory 
Ot operation of the rotary pump is 
equate to account for the per- 
formance characteristics. 
In Fig. 1 are shown typical cross- 


sections of a turbine pump. The of rotation to the centroid of the 
distance c is the clearance between flow passage area. R, and R, are 
the impeller and the housing that the radial distances from the axis 
provides the passage through which of rotation to the outer and inner 
the liquid is transported. The dis- boundaries of the sealing surfaces. 

tance R, is the distance from the axis In operation, the liquid adheres 
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Fig. 2—Flow patterns of fluid velocity distribution between moving impeller and 
stationary housing when there is no pressure differential between the inlet 
and outlet. (A) gradient for tubulent flow. (B) Gradient for laminar flow. 


Lxopuctr ENGINEERING Ocroper, 1947 163 




















(A) 





Vil LLL MLLLLLLL LA 











(B) 








Fig. 3—Resultant flow patterns between the moving impeller and the stationary 


housing when pump builds up pressure. 


(A) Turbulent flow. (B) Laminar flow. 
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Fig. 4—Components and resultant flow in a turbine pump. 


(A) Flow caused by 























impeller. (B) Flow caused by pressure differential. (C) Combined flow. 
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Fig. 5—Performance choracteristics of turbine pump turning at constant speed. 


to the rotating surface of the impeller 
and moves with it, but at the same 
time that liquid which is in contact 
with the stationary housing adheres 
to that surface. In consequence, 
when there is no pressure difference 
between inlet and outlet, the velocity 
distribution between impel- 
ler and stationary housing is of one 
or the other of the two general forms 
indicated in Fig. 2. In Fig. 2(4) 
the flow pattern, showing the veloc- 
ity w at any point as a function of 
the from the stationary 
wall, corresponds to the general form 
of the velocity 


moving 


distance y 


gradient to be ex- 
pected when the flow in the passage 
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the flow is 


Fig. 2(B) 


is turbulent. When 
the pattern of 
may be expected. 


laminar 


When a pressure is built up by the 
pump there is superimposed on the 
flow patterns of Fig. 2 a pattern cor- 
that the 
differential. indi- 
cates the resulting flow patterns for 
the turbulent and laminar conditions. 

The pump will continue to yield 
a net discharge against a_ pressure 
as long as the physical transport of 
Huid the motion of the 
impeller exceeds the flow resulting 
differential. When 
the two are equal the maximum pres- 


responding to caused by 


pressure Fig. 3 


caused by 


trom pressure 


Propuc! 


sure differential, against which the 
pump will deliver fluid at a given 
speed of rotation, is attained. 

This balancing of the transport of 
liquid by the impeller and the flow 
resulting from pressure is shown in 
Fig. The flow 
caused by the motion of the impeller 
is shown by the velocity diagram 
4(.4); here the variation of 
velocity with distance from the fixed 
surface The velocity dis 
tribution resulting trom pressure dif- 


4+ for laminar flow. 


Fig. 
is linear. 


terence alone is parabolic in form 
Fig. + (B). The combined pattern 
is shown in Fig. 4 (C), where if the 
areas .4, and d» under the curve are 
equal the net flow will be zero. 

Simplified equations for the flow 
in the pump can be developed on the 
basis of certain assumptions. If the 
of the flow passage is 
considered to be a rectangle of width 
» and height c, and 6 is large com 
pared to c, the equations for the 
quantity of flow through the passage 
can be developed readily. 


Where: 


cross-section 


QO = rate of flow, cubic units per time unit 

depth of the passage, length units 

5 = width of the passage, length units 

U = velocity of the moving plate, lengt! 

units per time unit 

P, = discharge pressure, force units per 

area unit 

intake pressure, force units per area 

unit 

« = coethcient of viscosity of the liquid. 
mass units divided by length and 
time units 

= length of the passage from inlet to 
discharge, length units 


lI 


This flow condition can be approx 
imated by the laminar flow between 
infinite parallel flat plates, which is 
described by the equation: 


Uct P, — P2)eb 
QO - eal —_ “4 (] 
: 2 12 wl 
It is immediately apparent that 


this tvpe of pump can never deliver 
more than one half the quantity pe: 
unit time represented by the product 
ot the velocity of the impeller and 
the cross-sectional area of the flow 
passage. 

The power required to drive the 
impeller is dependent upon the torque 
required to the rotation 
against the resisting torques result 
ing differential, vis 
cous shear and bearing friction. “The 
shear S; at the surface of the impelle: 
bordering the flow passage is caused 
principally by 
The shear S, 


results 


maintain 
from pressure 


differentia! 
at the sealing surface 


pressure 


principally from viscous 
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shearing of the liquid in the narrow 
passage of radius Ro, 
R, and clearance d. 
§, on the passageway surface of area 


bl is 
Sy = 4 (? +) =. 


Where u is the velocity of the moving 
the stationary 
housing at any distance R from the 


outer radius 


The shear stress 


Nm 


impeller relative to 
axis of rotation, the shear stress S, 
in the surface in the sealing area is 


au P, : Ps q ‘. 
S. =-— + : 3 
7 2 


lt is apparent from a consideration 
terms in 
Equation (2) that the first term will 
in general be negligible compared to 


ot the magnitude of the 


the second for any considerable pres- 


sure difference. Similarly in Equa- 
. ; 

tion (3), the second term will gen- 
erally be negligible compared to the 
Consequently expressions for 


and J. that result 


first. 
the torques 7, 
shear are 


T; = S; bIR: (4 


from 


T: = 2a R*SodR (5 
Therefore, neglecting bearing fric- 
tion, the first term in Equation (2) 
and the second term in Equation (3), 


and substituting the angular velocity 
w» of the impeller times R for u, and 
integrating, the total resisting torque 


ry 


r IS 


The power input 7’; required to 
drive the impeller is given by the gen 
eral expression: 

P; = Trew 7 


2 


The power output ?, of the pump 


is given by the general expression: 


Po = Q (Pi Ps 8 
Upon substituting for U 


tion (1) the quantity R, 
tion (8) 


in Equa- 


w, Equa- 
becomes 
_ | ee 


Po | &: 2 Qu |x 


Pim Hi 9 


The efficiency FE of the pump is 

E = Po/ P; 10 
Using the parameter 

F = (P, P2)/ pw 
the Equation (10) for efficiency E 
can be rewritten in the form 

— (Fe? 6l 5) 
pe = (Fe/oR) 
1+ | Rs, . R‘o) /FdbR: | 


Consideration of the equations 
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Fig. 6—(A), (B), (C). Theoretical performance characteristics of a turbine pump 


for turbulent flow, (D). 
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Plot of actual performance showing close agreement. 


1947 


given tor delivery, power input and 
efficiency reveals that the relation- 
ship between head, power efficiency 
and delivery for a pump operating 
at constant speed can be represented 
as shown in 


Fig. 5, in the conven- 


tional manner. 
Corresponding equations for the 
case ot turbulent flow can be written 


in generalized form as follows: 


0) Kiw Ke WP ‘< 12 
‘ Ci( P P ( l 
/ OK (} A 14 

IK Kya O 


‘The corresponding graphical repre 
sentations are shown in Fig. 6 (4), 


B) and (C). These curves are in 
close agreement with Fig. 6 (D) 
which is plotted from actual pe 


tormance data. 

One significant characteristic of 
the turbine pump is its power input 
curve. ‘The power requirement of 
this type of pump decreases with in- 
creasing delivery whereas in the cen- 
trifugal pump the power requirement 
increases with 
The 


pump has a power characteristic sim 


increasing delivery. 


rotary positive displacement 

ilar to that of the turbine pump. 
The characteristics 

of the turbine pump and rotary pump 


head-delivery 


are identical in general form whereas 
that of the centrifugal pump shows 
a curvature in the opposite direction. 

Detailed Equation 
(11), for the efficiency of the tur 
bine pump, reveals that the form is 
the same as that of the efficiency equa 
(See “Ro 


analysis of 


tion of the rotary pump. 


tary Pump Theory,’ W. FE. Wil 
son, J'ransactions, A.S.M.E.. May, 
1946.) Let 
/ 6/1R 
and BR T R Ri, dbR 
then Equation (11) becomes 
l 1k 
I I 
1+ B/F 
‘The maximum efficiency will be 


attained for any given positive dis- 
placement pump when the parameter 


F has the value 
F = B[V1 + (1/AB) — 1] 17 
The value of the parameter F de 
pends inversely upon the viscosity 
of the fluid being pumped and conse- 
quently will be small when the vis- 
cosity is large. 
From Equation (17) it is seen that 
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Fig. 7—(A) Values of parameter F. (B) Values of maximum efficiency in terms of dimensionless product. Fig. 8—Simple rotary 
pump with a plain cylindrical rotor. In this design, intake and discharge passages are separated by a dividing member. 


the maximum efficiency Ey... depends 
upon the product 4B only. This 
product AB is a dimensionless factor 
made up of ratios of the various 
pertinent lengths in the geometry of 
the pump. Substituting Equation 
(17) in Equation (16), the expres- 
sion for the maximum efficiency 
Enoz Of any pump of the turbine or 
rotary type is 


Emoz = 1+2 AB(I—V1+(1 JB] (18) 


The Equations (17) and (18) 
are represented graphically in Fig. 
7(4) and (B), respectively. 

In general, the greater the clear- 
ances in a pump the greater will be 
the value of 4 and the smaller will 
be the value of B. 

Conventional positive displacement 
rotary pumps have values of 4 and 
B of such magnitudes that maximum 
efhciencies should exceed 80 percent. 
But these pumps operate at maximum 
eficiency with relatively large values 
ot F. If fluids of great viscosity are 
to be pumped, both the rotary pump 
and the centrifugal 
handle them 


pump fail to 
high efficiency. 
The turbine pump, being essentially 
a rotary pump with large clearances 
will operate with fair efhciency when 
pumping fluids of great viscosity. 
The performance of both conven- 
tional rotary 


with 


positive displacement 
pumps and centrifugal pumps when 
handling fluids of great viscosity has 
been studied extensively. It is well 
known that with these types of pumps 
it has been impossible to obtain even 
reasonably high overall efficiencies 
when handling high viscosity fluids. 
(See “Influence of Viscosity on Cen- 
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trifugal Pump Performance,” A. T. 
Ippen, Paper No. A45-57 A.S.M.F.) 

On the basis of the foregoing analy- 
sis it can be shown that a simple type 
of rotary pump, known as the vis- 
cosity pump, will pump fluid of any 
viscosity with a theoretical peak efh- 
ciency of 33-1 /3 percent. “This pump 
consists of a plain cylindrical rotor 
revolving in a housing with a cyl- 
indrical interior surface as shown in 
Fig. 8. The intake and discharge 
passages are separated by a dividing 
member. 

As the cylindrical rotor revolves it 
transports the fluid 
part by 


inlet to 
action. 


from 


discharge shearing 


The pressure difference between inlet 


and outlet causes a flow from 
charge to inlet side. 
rotation 


dis- 
If the speed of 
viscosity are great 
enough a net flow from inlet to dis- 
maintained. While 
the peak theoretical efficiency of such 
a pump is 33-1/3 percent, it does 
exceed the efficiency of centrifugal 


and 


charge can be 


and conventional rotary pumps when 
fluids. 
The turbine pump closely resem- 


pumping very viscous 


bles this simple viscosity pump and 
will operate with comparable efh- 
ciency under similar conditions. For 


example, if the ratios of dimensions 
of a turbine pump are 


Ri R» = 0.6 d R» 0.01 
Ro/Rz = 0.2 b/ Ro = 0.75 
R, 0.15 l R» - 2r 
the resulting maximum theoretical 
eficiency when pumping viscous 


But the ratio 
d/R, is rather larger than is ordinar- 
ily encountered in such pumps. If 
the ratio d/R, equals 1/1,000 rather 
than 1/100 the theoretical overall efh- 
ciency would be 


liquids is 40 percent. 


10 percent. 

In conclusion the principal devel- 
opments brought forth are: (1) The 
turbine pump functions as a rotary 
positive displacement pump with 
large clearances or a viscosity pump. 
(2) Any given turbine pump when 
operating in the laminar range has 
a definite maximum efficiency that is 
attained at a specific value of the 
parameter (P,;—P.)/po(3) Turbine 
pumps promise satisfactory operation 
if used to viscous fluids 
against relatively low heads. 


pump ver\ 


‘THE INVENTOR OF THE COTTON GIN, Eli Whitney, was also the originator of 


the system of interchangeability of mechanical parts. 


In 1798 he was com- 


missioned by the United States Government to manufacture 15,000 muskets. 
He spent a full year designing and building the machinery he needed, but the 
governmental officials demanded muskets rather than ideas and promises. 


Whitney took enough parts for ten muskets to the capital. 


Here he assem- 


bled ten muskets in front of the amazed officials, and this one demonstration 
was enough to quiet the officials and to impress them with the desirability 
of having interchangeable parts. From that time on all government contracts 
let for muskets contained a clause stipulating that parts should be inter- 


changeable. 
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Resistance Welding Manual 


Revised edition. 544 pages, 6 x 9} in. 
Published by Resistance Welder Manu- 
facturers’ Association, 505 Arch St., 


Philadelphia, Pa. $3. 


A manual to guide engineers, re- 
searchers, plant executives and oper- 
itors in the proper use of resistance 
welding to improve production in the 
metal fabricating industries. Presenta- 
tion of methods of investigation and 
process control are carefully presented. 

In general, the 34 chapters present in 
order, (1) the fundamentals of resist- 
ince welding, (2) the nature of the 
different resistance welding processes, 
2) the resistance welding character- 
istics of various important metal groups 
and how these characteristics affect 
welding procedures, (4) recommended 
practices for resistance welding, (5) 
mechanical and electrical characteristis 
of welding machines, (6) inspection, 
testing, and quality control, and (7) 
maintenance of equipment. An appendix 
lists definitions, symbols, and tables. 


The Chemistry and Technology 
Of Plastics 


Raymond Nauth. 522 pages. 64 x 9} 
in., green clothboard covers. Published 
by Reinhold Publishing Corp., 330 W. 
42nd St., New York 18, N. Y. Price 


$9.50. 


This volume is useful to engineers 
seeking background information in the 
field of plastics. History, properties and 
ipplications of thermoplastic and ther- 
mosetting resins as well as synthetic 
rubber, natural resins and plywood, are 
described. Mold design, presses, and re- 
lated equipment, are also covered. 


Directory of Member Institutions 


And Review of Current Research 
—1947 


Compiled by John I. Matill, Secretary, 
Engineering College Research Council. 
103 pages, 6 x g in. Published by the 
Engineering College Research Council, 
College of Engineering, State University 
if Lowa, lowa City, Iowa. $1. 


This directory lists the member insti- 
tutions of the Engineering College Re- 
search Council of the American Society 
tor Engineering Education with com- 
plete addresses. The departments and 
aboratories engaged in research are 
sted for each institution. The names 
f the director and officers of the re- 


search activities are included. A short 
paragraph describes the research policies 
of the members. The number of person- 
nel, actively working on research, is 
noted in addition to the expenditures 
for research during the past year. The 
listed research projects: Recently com- 
pleted, presently active and anticipated 
for the near future, give a concise 
picture of the work being done by each 
member institution, 

The official representatives of the 
member institutions are listed in the 
last ten pages with the by-laws that 
govern the Council. 


Applied Mathematics 
For Engineers and Physicists 


Louis A. Pipes. 618 pages, 6 x 9g in., 
red clothboard covers. Published by 
McGraw-Hill Book Company, Inc., 
330 W. 42nd Street, New York 18, 
N. Y. Price $5.50. 

This textbook is designed to acquaint 
graduate students in engineering and 
physics with the mathematical methods 
used in solving technical problems. The 
book also fills the demand for a 
treatise on advanced mathematics that 
has appeared in engineering and physics 
as a result of close collaboration of 
theory and experiment in industrial re- 
search laboratories. 

The material dealt with is general 
in nature and includes the fields of 
electrical, mechanical, and civil engi- 
neering as well as the mathematics of 
classical physics. The mathematics of 
mechanical and electrical oscillations, 
electrical field theory, modern opera- 
tional calculus, nonlinear oscillations, 
and potential field theory is clearly set 


forth. 


Resistance of Materials 


Frep B. Seery, Prof. of Theoretical 
and Applied Mechanics, University of 
Illinois. Third Edition, 486 pages, 
5 x 8% in., clothboard covers. Pub- 
lished by John Wiley & Sons, Ine. 
440 Fourth Ave., New York 16, N. Y. 
Price $4. 

In the third edition, as in the previous 
editions, the aim is to emphasize the 
engineering significance of the subject 
of mechanics of materials. Changes in 
the third edition include the treatment 
of lightweight metals, such as aluminum 
and magnesium, and of plastics, which 
have become more widely used as load 
resisting members during the last 
twelve years. 

Likewise consideration is given to 
the wider use of high strength metals, 
of welded connections, of processes such 
as shot peening and cold rolling to in- 
troduce residual surface stresses, and 
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similar developments. ‘he third edi- 
tion, like the second, is divided into two 
parts. Part I consists of the more ele 
mentary parts of the subject. Each 
chapter in Part II is independent of the 
others so that any chapter of this part 
can be studied after the main portion of 
Part | has been completed. Many new 
problems and new figures have been 


added. 


Radiography in Modern Industry 


First edition, 122 pages, 834 x 4 in. 
Compiled and published by X-Ray Divi 
sion, Eastman Kodak Company, Roch- 


ester 4, WwW. Y. Sz. 


A test of fundamental knowledge for 
industrial radiographic practice directed 
at the professional worker and student 
of radiography. 

The 16 chapters include discussion of 
radiography’s function, process, x-ray 
generators, geometric principles, ex 
posure, scattered radiation, sensitivity, 
special techniques, films, processing 
room, and safety. 


Modern Plastics Encyclopedia 


Published by the Plastics Catalogue 
Corporation, 122 E. 42nd St., Neu 
York 17, N. Y. Eleventh Edition. Thre: 
volumes, 9 X 12 in., 1,556 pages. Price 


$8.50. 


The 1947 Modern Plastics Encyclo- 
pedia contains information on plastics 
materials, their processing and their 
applications. The introductory pages 
reflect how extensively plastics are being 
used in everyday products. Photographs 
of the important applications in each 
field reveal the extensive penetration of 
plastics into consumer and _ industrial 
products. 

Volume I is a reference to recent 
developments and applications for all 
types of materials, coatings, films, fibers, 
fabrics, laminates, and resin-woods. In- 
cluded for the first time is a selected 
bibliography on German plastics. Also 
assembled is comprehensive information 
on optical properties of plastics. Vol- 
ume II is devoted to processing prob 
lems. Engineering design, construction 
design, molding, extruding, casting, 
fabricating, finishing and assembly are 
covered. Latest developments in ma 
chinery are described, plant layouts are 
suggested, and molding plant and tool 
room equipment is discussed. Volume 
III is devoted entirely to ten special 
charts. Two new charts are on lami- 
nating resins and properties of syn- 
thetic fibers. Charts of plastics identi- 
fication, chemical formulae, plasticizers, 
plastics properties, solvents, adhesives, 
coatings, synthetic rubbers properties 
have all been brought up to date. 
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labor are realized when design changes are 
necessary: Obsolete lines are removed with 
Ozalid Corrector 
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With a new Ozalid Streamliner you do jobs far beyond the 
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always get a positive print from your original —on the type 
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cause OZALID employs a DRY DEVELOPMENT technique 
which greatly simplifies printmaking... permits use of a 
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which you process exactly the same, in seconds. 
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Anything drawn. typed. or printed on 


translucent material is reproduced with 
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Supersonic Wave Penetration into Materials 


BENSON CARLIN 


Product Engineer, Sperry Products, Inc. 





Note—Experimental values of approximate maximum depth of penetration in specific samples; not computed values nor 


absolute indication of penetration in any single material. For other information on supersonic testing see article page 113 


Type Material Remark 




















Ingots 4-6 2—4 1-2 1 lepth of penetration into steel 
Billets, blooms 5-12 6-8 3-4 1-2 on the amount of working and 
Rolled 22-25 22-25 10-25 5-8 processing of the material. Finer grain 
Steel Cold drawn | 22-25 22-25 16-20 7-10 tructure usually permits greater penetra- 
Forged } 22-25 22-25 22-25 22-25 tion. 
| Tool steels 22-25 22-25 22-25 22-25 
| Spring steels | 22-25 22-25 22-25 22-25 
Stainless steels 
{Carbon cast steels 
| Low carbon 15-20 15-20 10-15 7-10 Cast steels in the lower carbon range per- 
Steel Castings | Med. carbon 14-18 14-18 8-12 5-8 mit greater supersonic penetration. 
High carbon, 13-16 13-16 7-10 4-6 
Low alloy casting 17-20 17-20 12-15 7-10 
Higt »y castings 17-20 17-20 12-15 7-10 
( t Iron Gray iror 1-2 6-12 1 2-41 “ Scattering of supersonic vibrations re- 
Malleable 7-10 7-10 3-5 6-12 sults where excessive porosity exist 
Wrought Iron 7-10 7-10 3-5 6-12 i 
Cast 12-45 12-15 8-10 8-10 Coarse structure or porosity will interfere 
Aluminum E 22-25 22-25 22-25 22-25 with penetratio 
Ww 22-25 22-25 22-25 22-25 Finer grain structure permits greater pene 
trati 
( 12-15 12-15 8-10 8-10 Physical properties similar to aluminum. 
Ni " € m E xt € 2 ) 25 »? ? »? 5 22 Ss 
Worke 7? IS 79 7-95 795 
Copper Cast ( rse grain structure disperses vibratior 
Worked 0-6 0-12 n 
Cast. fine grain 0-114 0-1'% Heat treatment will substantially extend 
Bra ind Bronze Cast. coarse grain ] ts of penetratior 
Worked 1-5 1-3 
é I 1 properties absorb vibratio 
ckel ( t 1-3 ‘..3 1-2 6-12 11 Greater porosity 1 illy present in cast 
Worke 1-15 8-10 5-8 3-5 material 
Monel Worked 10-15 8-10 5-8 3-5 
Gold Worked 0-1 0-1 resting experience very limited 
Silver Worked 5. 10 2-5 1-2 0 1 Application usually ned to small piece 
Plat 1 7 10 7—10 3-5 3 5 r re € tive penetrati Si ze 
te ere t t nge 
Tungsten 7 10 7-10 3-5 35 
Sintered Carbides 0-12 i1 0-6 it 0-3 11 0-3 3 Most of testir lone at high frequenci 
( ni f l to be four 
Molybdenum Sintered 5-10 5-10 1-5 02 
Worked 1-25 21-25 21-25 15-18 
Hard 0-8 ir 0-4 ir Direction of grain and amount of moisture 
Wood Soft t vyood ffects trar issio1 to r 
Masonite 0-8 O-4 11 
Vinylite | 6-12 in. 6-12 11 6 in.—6 ft 6 in.-6 
Plastics Catalir | 6-12 in. 6-12 11 6 in.—6 ft 6 in.—6 ft Depends on amount of filler in material. 
Bakelite 6-12 1n 6-12 in 6 in.—6 ft 6 in.—6 
Lucite, or Plexiglas 6-12 6-12 i 6 in.—6 ft 6 in.-6 f 
Se x " ] 
Oil 24-25 ft. 24-25 ft 24-25 ft 24-25 ft. Indication of penetration limited only by 
| capabilitie instrument 
Water | 24-25 ft. 24-25 ft. 24-25 ft. 24-25 ft 
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AuTO-LITE has assured dependability in die castings 
through its ‘controlled metals”’ inspection processes. 
This revolutionary technique, together with the 
finest equipment for aluminum and zinc die 

casting, machining and every type of finishing, is 
proving of practical benefit to many of America’s 


leading manufacturers. 


THE ELECTRIC AUTO-LITE COMPANY, Die Casting Division 
600 S. Michigan Ave-- Chicago 5, Ill. e723 New Center Bid¢.. Detroit 2, Mich. 
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Or ooldering, Brazing and Welding Processes 
RICHARD C. HITCHCOCK 
State Teachers College, Indiana, Pa. 

; DESIGN ENGINEERS are frequently faced prepared to provide, in a convenient the process. ‘Three pairs of identical 
with the problem of specifying methods form, the melting points and components’ Fahrenheit and Centigrade temperature 
; and materials to be used in joining com- of various common soldering and braz- scales are shown with the low values at 
; ponent parts. S‘nce the methods used _ ing alloys. Melting points of some pure the bottom of the chart. The chart is a 
; are strictly allied with production tech- metals are shown at the right. The tem- compilation of present good practice and 

niques, the designer may not always perature limits of various joining proc- does not indicate that the processes and 
; have sufficient information on which to esses are indicated with the type and materials cannot be used in other ways 
’ base his decision. This chart has been composition of the flux best suited for under special conditions. 
4 
Temperature Scale 

Maa ain 
q METAL 
; MELTING \ 

‘ POINT Y 
4 aE 1 a 
y /rovr > 
; Termperoture Scale Temperature Scale 1800 
! | 
a ! 

MELTING POINTS OF ALLOYS 
: | |OPERATION | —- FLUX FOR SOLDERING — 
q Y ; AND BRAZING P1400 

f ' 

+ 4 - Components Remarks Name 
24007 2400} 
i ! 
| 
220044200] Welding 2200} 1200 
' 
; ' 
2000-+ ! Copper... | 20007 
l Y Gold---> 
- Red brass" 
! , | 
14000 Y | -1000 
ad 1800) 
teoe HW A A 1g00}-982 } Si/ver~~_, | 
i igh 4 
Termperature| Dry Borax | 2 sient - 
r | Brazing | 54Cu 46Zn 5 sai 
= Y Y ‘ter 
I +871 16004 
= A A Paste weed a 
i 
™ ; looted 22 34Cu | Genera a = 
(6Zn | Purpose 
Hard Mater Ng a54 774 E ETx . 
1400 Solder ica neal nig 30Cu 25in ame Silver sokder 140 
andy I 7. nts deol Sil Fi 
a — ” Flax 1300-4-704 4 ud Nor-ferroust+——7> +. 
! 
Genera! bE 
11754635 Purpose: 
Y Y B ee 16in lror), Stain- 
+600 T 1100+-593 Jess Stee/, +600 
1 Brass, 
1000- ! Copper etc 10004 
= 
Intermediate 
Soller 
800 ' A — Zinc + 800) 
er 
aco) | sso} seo (FH ; ™ 
! (a) | | 
1 SOberolatum | Leaa/ 
(Qn?) } ~~ 
600- K 10 WH, C/ JOS 7OPb | _— 
; (b) 545285 eS 
1 | Rosin in 50Sn 50Pb Half and Halt 
| Alcoho/ | 4644-240 __ rat — 7in--~ 
©) 635 37Pb \\ Freezes | | Eutecti 400+ 200 
4007-200 yo se 402n Ch 3614-183 and melts 4 ame 
+Z0NH,C/ ar sarme 
40H,0 ferryp. 
@) ia 
' y | Woods 
200- Y at | -77efa/ 200) 
| - 142 
100 = 
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Corrosion-resistance, beauty and high 


strength ore the best-known advantages 
of Armco Stainless Steels, but their 
ability to endure high temperatures for 
long periods ts of equal or greater im- 
portance in many applications. 

Special stainless heat-resisting grades 
are often the most economical metals to 
use when varying or constant tempera- 
tures exceed 1600 


are high and rates of oxidation low. In 


F. Creep strengths 


many cases the ultimate performance 
cost is low compared with less resistant 
materials that require frequent repairs 
or replacement. 

Armco 27 Stainless Steel, for exam- 
ple, withstands destructive scaling in in- 
termittent operations at 2000° F, 


172 


TWO OF MANY CASES 

In one plant daily production of mal- 
leable castings increased from 12 to 24 
tons in the same furnace when a stand 
of bulky cast boxes (1800 pounds) was 
replaced by lighter stainless steel boxes 
(580 pounds). 

An ARMCO Stainless Steel experimental 





\es7 / 
RMCO 
a, 





mutfler on a large transcontinental bus 
has been in service more than 100,000 
miles. It shows no ill effects from ex- 
posure to heat and corrosive gases. 
Your oxidation problem may range all 
the way from annealing furnace covers 
to truck or Diesel mufflers. Write for 
technical data on Armco Heat-Resisting 
Stainless Steels. They are produced in 
sheets, strip, plates, bars and wire. Just 
address The American Rolling Mill Com 
pany, 322 Curtis St., Middletown, Ohio 


ARMCO STAINLESS STEEL 
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INDEX OF ITEMS 


Product 


Analyzer, Electronic 
Bearings, Ball 

Capacitors, Power Factor 
Capacitors, Variable : 
Chain, Flat Top Conveyor 
Controllers, Motor 
Controller, Time . 
Disconnects, Cable 
Electrolyzer, Controlled 
Engine, Differential Air 
Equipment, Strain Measuring 
Filter, Plastic Bowl Air 
Gaskets, Chemically Inert 
Gear Box, Mitre 

Guide, Radius 

Hose, Flexible Metal 
Instruments, True Profile 
Lamps, Miniature Florescent 
Lights, Indicator 

Liquid, Metal Drying 
Motor, Drip-Proof Electric 
Motors, Lightweight 
Pumps, Hydraulic Gear 
Regulator, Voltage 

Relays, Multipole . 

Screws, Flat Head Cap 
Sheeting Phosphorescent 
Shield, Flexible Tube 
Switch, Thermal Limit 
Tester, Electronic Circuit 
Tester, Metal Thickness 
Tester, Toughness ... : 
Tetrode, Low Voltage... 
Thermostat, Electric Appliance 
Transmission, Variable Speed 
Traps, Thermostatic Steam 
Valve, Bronze Safety .. 
Valve, Fuel Tank Selector 
Valve, High Pressure Vent 
Valve, Industrial Relief 
Volt Ohmmeter, Portable 
Wire, Electroplated 


Flexible Metal Hose 


he Brockway Co., Naugatuck, Conn 
Seamless flexible metal hose, made of a 
special alloy seamless bronze tube, is 


fabricated by an unusual method. The 
tube is gently but firmly formed into a 
uniform helically corrugated, flexible 





Manufacturer Page 
Weston Electrical Instrument Corp 76 
Marlin-Rockwell Corp 188 
General Electric Co 178 
Barker & Williamson Inc 204 
The Wade-Morrison Co 199 
Furnas Electric Co 198 

..The R. W. Cramer Co. Inc 174 
Potter Aeronautical Co 174 
McRay Sales Co 200 
National Pneumatic Co 202 
Nosker Engineering Products 176 
C. A. Norgren Co 178 
United States Gasket Co 190 
Piezo Mfg. Co.. 182 
Rapidesign Inc 186 
The Brockway Co 173 
Physicists Research Co 176 
Stocker & Yale 196 
American Electronics Corp 196 
Enthone Inc. 180 
Eicor Inc. 186 
Electra-Motors Inc 173 
Hydro-Power Inc. 174 
Sorenson & Co. Inc 202 
.Leach Relay Co 173 
The Holo-Krome Screw Corp 190 
E. |. Du Pont de Nemours & Co, Inc 174 
Staver Mfg. Co 176 
Controls Inc. 192 
Precision Apparatus Co. Inc 200 
Sperry Products Inc 206 
The Hall Planetary Co 188 
Eitel-McCullough Inc 198 
Fenwal Inc. 180 
Lombard Governor Corp 174 
Sarco Co. Inc 184 
Manning, Maxwell & Moore Inc 182 
Electrol Inc. 174 
Lodge & Shipley Co., Risselt Div 206 
Electrol Inc. .. 194 
Hickok Electrical Instrument Co 208 
Kenmore Metals Corp 192 


hose, retaining the maximum desirable 


characteristics of the original 


hose. 


Because the hose is not work-hardened 


in its formation, it is not brittle. 


The 


hose is incased in a high-tensile bronze 


wire braid. This protective sheath is 


permanently attached to couplings and 


relieves the hose of damaging strains. 
The fitting provides a metal-to-metal 
seat because of the seal produced be 


tween the fitting body and the spring 


washer effect of the hose. 


or packing is required. 


Multipole Relays 


No brazing 


Leach Relay Co., 5915 Avalon Blvd., 


Los Angeles 5, Cal. 
These small relays with versatile ar 
rangement of contact systems are cap 
able of handling most control circuits 
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where currents do not exceed 12! 


imp at 115 v a-c, non-inductive. The 
ontact stack can be furnished with 
make-before-break or with single or 
double-throw action, supplied either 
singly or in combination up to a max 
imum four-pole double-throw. These 
small relays, 1 x 17% x 1% in., can be 


fitted with '% or '% in. fine silver 
contacts. Coils can be furnished for 
shunt, series, a-c or d-c operation 


Lightweight Motors 


Electra-Motors, Inc., 1110 N. Lemon 

Yt., Anaheim, Cal 
Built with high tensile strength heat 
treated alloy aluminum motor frames 
these fractional horsepower motors 
have reduced weight about 50 percent. 
The '2 hp motor weighs 19% pounds. 
Bearings can be precisely located be 


cause of the one-piece load-bearing 
frame. Ihe rotor is molded from pure 
aluminum. The insulated windings are 
moisture resistant. Both stator and 
rotor cores are easily accessible. Posi 


tive ventilation is provided by the 
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“Temp Trol” design—with vents in the 
under side of the housing. This motor 
can be operated both vertically and 
horizontally. The Electra-Motor is of 
the continuous duty, drip proof type, 3 
phase, 60 cycle, 220/440 volts. This 
motor is available in 44, %, ™% and 34 
hp sizes. 


Hydraulic Gear Pumps 


Hydro-Power Inc., Springfield, Ohio 
The Cut-line gear pumps _ operate 
equally efficiently in either direction. 
Floating bronze wear plates at either 
side of the gears divide clearance into 
four narrow. slits, thus providing high 
frictional resistance to flow  recircula- 





tion. A small, built-in valve directs 
slippage oil past the shaft needle bear- 
ings for positive, continuous lubrication. 
Shafts are alloy steel, hardened and 
ground; cases are cast from alloy iron. 
‘The pumps are dimensioned so that dis- 
charge can be piped at full flow from 
either front or side, and the shaft has 
a rotary-type seal. ‘These pumps are 
available in 10, 15 and 20 gpm capaci- 
ties with over-all efficiencies of 90 to 92 
percent. 


Time Controller 


The R. W. Cramer Co. Inc., 
rook, Conn. 


Center- 


Model VF Timers were designed to be 
built into automatic vending machines, 
dish washing machines, automatic laun- 
dry machines, and other types of equip- 
ment requiring time and sequence con- 
trol. The timers are equipped with 
Cramer Synchronous Motors Type SX. 
They are available with a variety of 
speeds from 1 rpm to 1/24 revolution 
per hous. The overall width of the 
timer is approximately 2! in. with a 
length of 35@ in.; height varies from 
2% in. for a single cam unit to 35@ in. 
for six cam units. The timers are avail- 


174 





able to control from one to six circuits 
for 6, 24, 110 and 220 V, 50 or 60 cycle 
current. Contacts have a 10 amp rating 
and can be supplied in single or double 
throw types. Dependent on the applica- 
tion, the contacts are either of the slow 
make or break, or snap action type. 


Phosphorescent Sheeting 
E. I. DuPont de Nemours & Co. Inc., 


Iilmington 98, Del. 
Phosphorescent “Lucite’’ acrylic resin 
sheeting is now available in commercial 
quantities. This luminescent form of 
the plastic contains pigments that cause 
the material to glow for a period up to 
12 hr. after exposure to ordinary light. 
This form of the plastic has all the ad- 
vantages of the standard form in wear 
and weather-resistance. It should be 
useful in both indoor and outdoor appli- 
cations where continuous lighting is de- 
sirable but where the maintenance of a 
power supply is not feasible. The ma- 
terial should find use as a decorative 
trim and as location indicators. 


Cable Disconnects 


Potter Aeronautical Co., 85-87 Acad- 

emy St., Newark 2, N. J. 
Originally designed for use with air- 
craft engine control cables, these dis- 
connects can be used for any control 
cables that operate inside a tube. These 
disconnects are used with push-pull 
control cables but have been designed 
so that applied torque will not separate 
the two components. The ears of the 
inclosing arcs pass the centerline of the 
meshing piece so that torque tightens 
the junction. This reduces scarring 








errr rr eer errr 


action on the internal surface of thi 
cable tube. These disconnects art 
available to fit all sizes of cables, and 
can be machined for any type of con- 
nection to the cables. 


Full Tank Selector Valve 


Electrol Inc., 85 Grand St., Kingsto) 
N.Y. 
While developed primarily for contro 
of aircraft fuel systems, this positive 
position positive-sealing selector valve 
Model 544, has industrial fuel supply 
applications. It is usable in air, water 
and oil, as well as in gasoline systems. 
This valve assures positive positions of 





the control handle through built-in de- 
tents. The poppet-type valve eliminates 
sticking. The unit has low pressure 


drops and the connecting fittings are 
integral. There are four handle posi- 
tions: Tank No. 1 “on”, both tanks 
“on”, tank No. 2 “on” and both tanks 
“off”. The housing is made of alumi- 
num alloy with anodized finish. Port 
sizes can be varied to fit individual 
specifications. 


Variable Speed Transmission 


Lombard 
Vass. 
For use where the ratio of maximum 
to minimum output speed is high, this 
wide range transmission unit will give 
continuously adjustable output speed 
from a constant speed motor power 
source. Between the input and output 
shafts is a planetary speed reducing 
unit. The output speed is varied by an 
adjustable speed-control belt that 
changes the rotation rate of the ring 
gear. This control can be operated di 
rectly or remotely. The gears are of 
heat-treated helically cut alloy stee! 
and the worm and ring gears are cen 


Governor Corp., Ashland 
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bronze. 


trifugally 


cast All gearing is 
totally inclosed and immersed in oil. 
Ball throughout. 


Nine different models transmit 2 to 15 


bearings are used 
hp from motors of various speeds and 
types. Useful speed range of greater 
than 20 to 1 with a mini- 
mum speed of approximately zero. 


is obtained 


Strain Measuring Equipment 


Vosker Engineering Products, 
Springs, Ohio 
The Model 2A Strain 


portable, direct-reading, 


Y cllow 


Indicator is a 
electronic in- 
strument for strain, 


selectively, from as many as 48 wire- 


measuring static 


strip strain gages. Channels are se- 


lected by switch. 


on the illu- 


manually operated 
The strain is read directly 
minated gage. Cables with connectors 
are supplied for rapid 
gages. All the automatic 
switching circuits are included in this 
unit so that as many as 10 indicators 
can be connected to a single Model 4 
Strain Recorder. 


will 


connection of 


necessa4©ry 


This unit, not illus- 


trated, give an ink-on-paper_ re- 
cording of as many as 480 channels at 
the rate of three channels per second. 
The Strain 


metal cabinet 21 in. 


Indicator is housed in a 


wide, 28 in. high 
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It weighs about 125 
pounds. The Strain Recorder is 
mounted in a similar cabinet 21 in. 
wide, 19% in. high and 13% in. deep. 
It weighs approximately 110 pounds. 


and 13) in .deep. 


Electronic Analyser 
Weston Electrical Instrument Co., New 
ark 5, N. J 
Providing in one instrument the func 
tions of with no 
sacrifice in accuracy, the Model 769 is 


several instruments 


a general service unit It can be used 


as a standard analyzer, requiring no 


external power. Six 10,000 ohm per 


volt d-c voltage ranges, six rectifier 


type a-c voltage ranges, three ohmmetet 





and six d-c 


ranges 


be used without external power. 


current ranges can 
Using 
115 v, 60 cycle external power, Model 
769 is a high impedance electronic volt 
ohmmeter in which all and 


ohmmeter ranges are completely stable 


voltmeter 


This unit can also be used as a stable, 
probe type, vacuum tube voltmeter, for 
An RF probe, 


from bakelite and polysty- 


use to 300 megacycles. 
fabricated 
rene, has a minimum metallic area and 
measures high frequency potentials in 
congested areas. A special d-c probe. 
containing « 3 megohm isolating resis- 


tor, is furnished for measuring d-c 
potentials in the presence of RF, AF or 
\C voltages. Overall measurements of 
the Model 769 are: 10 x 13 x 6% in., 


and the unit weighs 131% pounds. 


Flexible Tube Shield 


Mig. Co.. 
R Hi hts Nf ) A 
Known as Mini-Shields, these flexible 


yStaver 33 21 85th 38, 


lack- 


sO) 


shields for miniature tubes are made of 
tin, terne 
are made 


plate or aluminum. They 


n three lengths: short inter- 
mediate and long, and are designed to 
fit the smallest diameter tubes. A 14 
that 


larger 


in. overlap allows expansion. so 


the shield can be used with 





ee tte 





tubes. “Three rows of dimples on the 
shield maintain contact with the tube 
and prevent vibration. or rattling. 
These dimples also insure a free air 


Shields are 
inner sul 


tube. 
blackened 


maintaining 


space to Cool the 


available with 


faces, lowest operating 


temperatures 


True Profile Instruments 
Ph VSICUSTS 


5 Inn 


Research Co., 321 S. Main 
{rbor. Mich. 

A mechanical-electronic instrument that 
chart record of 


the shape, height and spacing of surface 


provides a magnified 
irregularities, the Proficorder will show 
the true profile of most machined and 
tinished It is highly Hexible 
as to the amount of detail recorded, and 
it permits tracing widely 


surfaces. 


varied sur 
The 


is designed to show wavi 


at the same magnification 
Proticorde! 


Taces 


ness, bows, steps and other surfacc 


spaced approximately 
apart. In machining and 
applications, the 


this 


rregularities 
1/32 in 
grinding primary 


function of instrument is to show 


irregularities caused by the machine o1 


set-up used to surface 


produce the 
to show 
by the cutting 


rather than roughness caused 


action of the tool o1 
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"This advertising message, appearing in 4-color cover position in NEWSWEEK, BUSINESS WEEK 
and U. S. NEWS. is developing business for Monsanto Lustron molders and fabricators." 






9 parts with Sw U 


A MONSANTO PLASTIC 


With Lustron, Monsanto's polystyrene, 
this harmonica manufacturer gets a 
long lead and more profit in a big 
market. Formerly, each harmonica was 
assembled from 80 parts, requiring 150 
operations. Today, with Lustron, a 
better product is produced . . . with only 
5 parts, assembled in just 15 seconds, 
with 7 operations. 

Moreover, Lustron molds speedily in 
the fastest mass production techniques. 
Light weight plus low cost per pound 
gives more items per material dollar. 
Expensive finishing operations are elim- 


inated. All waste is salvageable at full 
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value. Monsanto Lustron offers a rain- 
bow range of sales appealing colors— 
clear and opaque. It has low tempera- 
ture strength, high dimensional stabil- 


ity, excellent resistance to alkalies, 


acids and water. 
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Magnus Harmonica by 
International Plastic Hor- 
monica Corporation, 
Newark, N. J. 


Wi -instead of 80 


Let Monsanto plastics engineers show 
you how to speed products to market 
with more profits, via Lustron. Write: 
MONSANTO CHEMICAL COMPANY, Plastics 
Division, Springfield 2, Mass. In Canada: 
Monsanto (Canada) Limited, Montreal. 


The broad and versatile family of Mon- 7 
santo Plastics includes: Lustron* poly- 
styrenes e Cerex* heat resistant thermo- . 
plastics e Vinyls e Nitron* cellulose nitrates 
e Fibestos* cellulose acetates « Thalid* 
resin e Resinox* phenolics e Resirnene* 
melamines e Forms in which they are sup- e 


plied include: Sheets e Rods e Tubes e 
Molding Compounds e Industrial Resins e 
Coating Compounds e Continuous Films « 
Vuepak* rigid, transparent packaging ma- 
terials. Saflex* safety glass interlayers. 
Reg U.S. lat. Off. 


SERVING INDUSTRY WHICH SERVES MANKIND ° 






































@ Great as the demand has 
been .. . large as the quan- 
tities produced have been, 
Perkins Custom-Cut Gears 
are, first and foremost, the 
product of a reliable gear- 
engineering organization. 


The key-personnel is largely 
composed of New England 
craftsmen who have learned 
their business the hard way 
—through experience in the 
shop as well as appropriate 
schools. While we by no 
means wish to imply that the 
men at our disposal constitute 
a monopoly of the country’s 
gear engineering brains, we 
do believe that we are cap- 
able of producing custom-cut 
gears which will stand up well 
under any comparative test. 





@ PERKINS MAKES —In All Ma- 
terials, Metallic & Non-Metallic 
Helical Gears, Bevel Gears, Ratch- 
ets, Worm Gears, Spiral Gears, 
Spur Gears, Ground Thread Worms 


PERKINS MACHINE 
& GEAR Company 


Springfield 2, Massachusetts 








IF THE GEARS IN 
YOUR PRODUCT 
ARE 0500" + BY 
PERKINS... 


You can stake its repu- 
tation on its trouble- 
free power transmission 


wheel. The Proficorder consists of a 
Tracer with diamond point, a Piloting 
Fixture with motor-driven slide for 
moving the Tracer and an Amplicorder 
unit that includes: an amplifier, the 
chart recording mechanism and_ the 
control panel. Various Tracers and 
Piloting Fixtures provide for profiling 
flat or cylindrical surfaces, external o1 
internal, and remote portions of larg« 
surfaces. Maximum length of trace is 
approximately 2 inches. 


Plastic Bowl Air Filter 
The C. A. Norgren Co., 222 Santa Fe 
Drive, Denver 9, Colo. 
Centrifugal force is used to separate oi! 
emulsion and moisture from compressed 
a‘r lines in this filter. Solid impurities 
are removed from the air by a 200 
mesh, reinforced Monel wire screen. A 
double right angle air inlet sets the air 
swirling and throws the moisture and 
oil emulsion against the wall of the 











bowl. ‘The liquids collect on the walls 
and run down into a quiet zone below 
the bafHe plate. The thin plastic baff 
prevents the separated liquids from be 
ing driven along with the air. The op 
erator can see when the lower part has 
accumulated sufficient liquid to warrant 
draining the filter through the bottom 
cock. ‘These filters are available in ! 

¥¢ and '4 in. iron pipe sizes. All parts, 
except the body, are interchangeable 
between sizes. 


Power-Factor Capacitors 
General Electric Co., Schenectady 
IN: Y. 

Power-factor capacitors, made of cast 

glass bushings with integral hardware, 

can be hermetically sealed. The bus 
ings are made of exceptionally stable 
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Conveying cool- 
ant through Amer- 
ican Oil Feed 
Tubing. Photo 
courtesy Warner & 
Swasey Co. 


| 


...JUSt give 


wwe wget - 


the Specifications 


BOVE are samples of special flexible metal 
A connectors, tailor-made by American with 
end fittings attached. Such assemblies simplify 
the job of design and production departments 
throughout industry. 

Available in brass, bronze, aluminum, steel 
and other metals, in sizes 1g” to 12” I.D., Amer- 
ican Metal Hose is manufactured from strip in 
four spirally wound types. American Seamless 
Flexible Metal Tubing, flexible as garden hose 
and as leakproof as the seamless bronze tube 
from which it is made, is standard in sizes 1” 
to 4” LD. 

Whether your problem is one of vibration, 
misalignment, connecting moving parts or pip- 


ing in cramped spaces, if it involves conveying 
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steam, oil, water and other liquids, semi-solids 
or gases, look to American Flexible Metal Hose 
or Tubing for an economical solution. Write for 
literature, and feel free at any time to consult 
our Technical Department. 4729 





ANACONDA 


EES. | 
ae 
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Cte 


METAL HOSE 


THE AMERICAN BRASS COMPANY 
American Metal Hose Branch 


General Offices: Waterbury 88, Connecticut 
Subsidiary of Anaconda Copper Mining Compan) 


Throughout Canada 
THE CANADIAN FAIRBANKS-MoORSE Co., LTp. 





















ANSWERING THE QUESTION: 


VV EOANT 
LS 


(OR “ARE”) 





1) Nickeloid Metals are finished raw materials — beautiful 
and durable finishes of chromium, nickel, brass or cop- 
per... heavily plated to such base metals as steel, copper, 


zinc, brass or aluminum. 


(2) Nickeloid Metals are available in all gauges and tempers, 
and in a wide range of sheet sizes and coil widths. 


Nickeloid Metals may be worked and fabricated — with 


reasonable precaution and skill — without injury to their 


highly polished surfaces, 


the same as most basic metals. 


4) Nickeloid Metals, being FINISHED metals, require no 
further plating, painting or lacquering, or polishing os 
thus eliminating costly piece-plating after fabrication. 


ge 





HERE'S YOUR FREE FACT BOOK 
ON FABRICATION OF 
NICKELOID METALS 


A factual, data-filled 
brochure that may sug- 
gest new production 
economies to you. 


Send for your copy today! 
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AMERICAN 
NICKELOID 


COMPANY 
Established 1898 


PERU 4, ILLINOIS 
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ical properties. The second section dis 
cusses the six classes of plastics, devot- 
ing a chapter to each major group. The 
third section covers commercial meth- 
ods used in the manufacture of plastics 
products. The last section deals with 
the evaluation of plastics, including 
their measurement and manufacturing 
control. Subjects covered include ther 
mosetting condensation products, cel 
lulosic plastics, vinyl polymers, rubber 
and the synthetic elastomers, polyesters 
and polyamides, and the silicones. 


Electric Appliance Thermostat 


Fenwal Inc., 31 Pleasant St., Ashland 

Mass. 
The Appliance Thermoswitch Contro! 
gives safe, accurate fast-acting heat 
control to electrical appliances even 
though exposed to physical shock and 
vibration. The one-piece welded case 
and cover assures a tamper-proof unit 
and stable .gemperature settings. The 
temperature adjusting screw will not 
drift under normal vibration, and 
torque applied to the terminal binding 





posts will not shift contact support 
members. The thermostat can be side 
or bottom mounted and was designed to 
control temperatures in flat surface ap- 
plications including: flat irons, water 
heaters, sterilizers and hot plates. There 
are two models, one for control from 
175 to 600 F, the other for the range 
50 to 250 degrees Fahrenheit. The 
maximum load rating is 1,200 w on 
110 v, 60 cycle current. 


Metal Drying Liquid 

Enthone Inc., Dept. MHP, 442 Elm 

‘t., New Haven 2 2, Conn. 
Hydrex, a water displacing liquid, is a 
thin mobile solution that sheds water 
from the surfaces of metal. It has high 
penetrating power and will force water 
out of blind holes and crevices. “This 
process can be used for drying plated 
work to prevent staining, and to prevent 
dissolved solids from settling out of 
hard water on to metal surfaces. Hy- 
drex No. 1 has a flash point slightly 
above 100 F, and evaporates readily at 
shop temperatures. The metal parts 
should be rinsed in cold, running water 
ind then immersed in the liquid. After 
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Do these false beliefs keep you from converting to aluminum ? 


(Below are 4 misstatements commonly applied to aluminum. Have you made any of them?) 





1. “Aluminum is not readily adaptable to my product” 


Fact: Kaiser Aluminum comes in a wide range of alloys to 
meet every type of manufacturing operation, and can be 
formed, drawn, spun, brazed or joined. It can be painted or 
polished, or finished in almost any way you choose. To select 
the alloy specifically suited to your requirements, simply call 
on a Permanente Metals’ engineer. 





3. “My competitors aren't converting. Why should 1?” 


Fact: Scores of manufacturers are speeding their products to 
market — by converting to aluminum. That’s true of makers 
of general appliances, residential buildings, air conditioning 
units, heating and ventilating ducts, garage doors and window 
frames, office appliances and cabinets . . . plus dozens more. 
Their experience can help you. 


To the above facts add these... 





2. “Aluminum costs too much” 


Fact: While prices of other materials have steadily risen, 
aluminum is now at the lowest price in history. Figured not 
on a per pound basis, but on wit cost, aluminum prices 
(which include freight charges) compare favorably with 
those of any other metal or material. In addition, savings made 
on handling, finishing and shipping cut costs substantially. 





4. “| can’t be sure of a steady, long-term supply” 


Fact: This is especially wrong today. For Permanente Metals 
now offers you a new source of aluminum . . . Kaiser Alu- 
minum. In but a single year of operation Permanente Metals’ 
mammoth aluminum plants produced 175 million pounds of 
plate, sheet, and strip aluminum. Almost as much as the entire 
industry produced in the most productive year before the war. 


Aluminum’s resistance to corrosion can- Aluminum’s appearance can put an extra afford NOT to investigate the possibility 
not be matched. Nor can its strength per sparkle of saleability on many products, of converting to aluminum? Call any Per- 


pound — it can give you the strength of giving them a competitive edge. 


steel at one-third the weight. 


Ready to serve you—today . . . 


manente Metals’ office and an experienced 


In the light of all these facts, can you sales engineer will be on the job, for you! 





a Permanente Metals product 


DISTRIBUTED BY PERMANENTE PRODUCTS COMPANY, KAISER BLDG., OAKLAND, CALIFORNIA . WITH OFFICES IN: 
Seattle, Wash. Oakland, Calif. Los Angeles, Calif. Dallas,Texas Wichita, Kan. Kansas City, Mo. St. Louis, Mo. Atlanta, Ga. Minneapolis, Minn. Milwaukee, Wis 
“hicago, Ill. Cincinnati, Ohio Cleveland, Ohio Detroit, Mich. Boston, Mass. Hartford. Conn Buffalo, N. Y. New York City, N. Y. Philadelphia, Pa. Washington, D. ¢ 


Propuct ENGINEERING — OcToBER, 1947 


18] 





the liquid dries, a thin oil film remains 
on the surface. This film acts as a rust 
inhibitor or can be removed by dippi 
in solvent naptha or by use of vapor d 
greasers. The liquid is used in a vat 
with a drain at the bottom. The dis 
placed water collects in the bottom of 
the vat and can be drained off. Hydrex 
No. 2 is similar, but has a flash point 
above 150 degrees Fahrenheit. 


+ 


Sled genings? 


eee See SCOVILL! 
HER SCREW ASSEMBLIES 


SCREWS 
FOR SEMS WAS 


ECESSED HEAD Mitre Gear Box 


FOR PHILLIPS R 


Preso Mfg. Corp., Dept. EP; 110 E. 
42nd St., New York 17, N. Y. 
For use with medium speed power 
drives or hand operation, the Type MG 
Mitre Gear Box supports and incloses 
a pair of steel, right angle, 1:1 ratio 
gears. The cut gears meet torque and 
power ratings in conformance with the 


Washer permanently fastened on, yet 
free to rotate. Easier, faster driving. 
No fumbled, lost or forgotten washers 
Matching finish on both parts. Easier 


ordering and balanced inventories. 


Increase assembly speed up to 50%! 
Cut down injuries to workers with no 
burrs, no skids. Reduce production costs. 
Reduce rejects! Improve product ap- 


standards of the AGMA. 


The box is 


pearance! Go modern with Phillips! 


OR CLUTCH-HEAD SCREWS 





The lotest type recessed-head screw 
Can't fall off 
No screw-driver slippage 


semble 


Scovill is expert in cold-forging unusual 
special fastenings, such as the one 
shown. Scovill designing ability, engi- 
neering skill, men and machines save 
money for customers. Consult Scovill! 


available, with bronze or roller bear- 
ings, in six sizes—'%4 to 134 in. shaft 


Screw locks on driver 


Easy to as- 
Ordi- 
nary screw-driver may also be used 


Exceptional driver life diameters. The solid mounting base 


can be fastened to a flat surface with 
four bolts or to structurals with a 
bracket. The horizontal shaft is rigidly 
supported by two bearings so a hand- 
wheel, pulley or sprocket can be oper- 
ated on the shaft without 
support. 








Look at the fastenings you're now using—and see if they're 
the best for the job. Get better results—at less cost—with 


additiona 
modern fastenings. If you use fastenings in large quantities, 


it will pay you to find out what Scovill can do for you. Fill 


Bronze Safety Valve 
out and mail the coupon below—now! 


Manning, Marwell & 

Bridyeport 2, Conn. 
The Consolidated Safety Valve Type 
1664 is for use with air compressors 
and air and gas holding receptacles. A 
Nylon disk is used, 


Moore Inc 


MAIL COUPON TODAY! 









— “ i seating against 
4G pebnartei AANUFACTURING CO EVISION \ bronze. Nylon was found to have th 
\ Ore ait SCREW proouc (PE-10) 4 necessary characteristics of wear re 

\ WATERVILLE 48, CONN. oat : sistance, hardness and flexibility for 
please supply more nee » pnsttien line work. Nylon will not flow or 

a re ° ° 
° (1 Scovill a el Head Screws creep under spring compression and it 
e . . ° 

Scovill PHILLIPS D Screws will not stick to the seat. It is just 
all CLUTCH HEA Fastenings . . | 
QUALITY FASTENERS —D Scov! Cold-forged Fo flexible enough to fit the seat exactls 


o ae 
a, 
nn 


and has a recovery characteristic that 
quickly seals off the slightest air leakag 
after the valve pops. The safety valve 
high and meets all ASME 
requirements for unfired pressure 


FOR 
QUANTITY CUSTOMERS 









ADDRESS: is 234 in. 
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=| Reduces Cost of Machine Base 40% 
i by Change to Welded Stee 


ywer 
MG 
loses 
ratio 

and 
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Fig. 1. The Bostitch Stitcher with coni entional base. Fig. 2. Rear view of same machine, mounted on new welded base whicl 


cost 40% less. 
By R. H. Dell, Chief Engineer 


Boston Wire Stitcher Company, Westerly, R. I. We had been getting the base from an outside foundry and 


wished to continue having it fabricated outside, so asked com- 
mercial welderies for prices on the welded base. This put the 
former design and the welded design on the same competitive 


‘ INFRONTED with ever-rising casting costs for the base 
of the Bostitch Automatic Box Stitcher, we decided to try 








ssi welded steel design. The result is a base that costs 40% less bate. 
shaft and is 307 lighter ni weigne. ' - ' The lowest bid on the welded base was 40% less than th« 
base Fig. 1 shows the Stitcher with its original base of conventional price we had been paying for che former design. There was 
with design, and Fig. 2 shows the same machine, photographed also a weight reduction of 30%, the welded base weighing onl) 
coh from the opposite side, mounted on the new welded base. 525 pounds as compared with the former design’s weight of 
igidly 750 pounds. 
hand- ; Fig. 3 is a close-up of the welded base. The main designing 
— consideration was the great amount of pounding it takes, duc 
tiona to the action of the mechanisrm{n making up to 400 stitches per 
minute in heavy cardboard containers. 
The pedestal, of liberal dimensions to counteract vibration, 
is one piece of 5’’ plate. Corners are notched out, sides bent 
lo down and butt-welded at the corners. The column is four pieces 
of 56" plate, flame-cut to shape and corner welded. To mini- 
Type mize material at the top of the column, bare angle irons 34’ 
essors thick are used for the table mountings. The gusset support had 
ns. A to be extremely strong to absorb the main impact loads, so its 
gainst top support plate is 1”’ thick and sides and bottom are 14” plates. 
ve the All welds are single pass, square butt welds, not scarfed 
ir re- ‘“Fleetweld 7” electrode is used. 
edieeni After changing to the welded base, we discovered an addi- 
iad’ ‘ tional market for the same machine with the base 1014” 
and : shorter. To make the adaptation, all we did was cut 10!” 
- yee off the bottom of the vertical column before the weldment was 
cca ty assembled. This flexibility of welded design gives us a further 
: k “ Fig. 3, The welded base without mechanism. advantage. 
pak age 
oy Ive 
ASME The chove zs published by LINCOLN ELECTRIC in the interests of progress. Machine Design Studies are available to engineers and 
dibiadl designers. Write The Lincoln Electric Company, Dept. 367, Cleveland 1, Ohio. 
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MACOID will help you 
PLAN it in PLASTIC 





In the plans you will be drawing tomorrow, 

there’s a place, perhaps, for Plastics. 

For extrusions or injection moldings-MACOID engineering 
and manufacturing talent will work smoothly with you and for 


you, making plans into realities. 


DETROIT 





; ° f 
Oniginate td af 


12340 CLOVERDALE 








j 
sels. It will operate at any set pressure 
up to 250 psi and is available with 
either 14%, 4, 3% or % in. NPT male 
inlet connection. This valve is also 
made with a stainless base, cadmium 
plated cap and spring and is used as a 


relief valve on automatic beverage 
vending machines. 


Thermostatic Steam Traps 
Sarco Co. Inc., 475 Fifth Ave.. New 
York 17, N. Y. 

The thermostatic element of the steam 

trap No. 9 is a helical bellows that per- 

mits a larger orifice than can be used 
on float or bricket traps. The great air 
venting capacity provides rapid heating 
from a cold start. This cast steel trap 
is used in systems where external ex- 
plosion are liable to occur, where cor- 
rosive condensate must be handled and 
where pressures of 300 psi or total tem- 
peratures of 500 F are expected. These 
limits apply when a stainless steel ele- 
ment is used. Another of this series has 
a bronze element and can be used where 
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when 


precision switches 


need 


rubber seals... 


PEREUNA 
gets the job! 


The rubber that seals precision switches is vital to the 
success of many electrical operations. 

An excellent example of a control mechanism that re- 
quires a high-quality seal for dependable operation under 
a wide variety of operating conditions is the Die Cast 
Enclosed Switch produced by MICRO SWITCH DIVISION OF 
FIRST INDUSTRIAL CORPORATION. This switch is widely 
used for safety, limit and other control applications on 
machine tools and industrial equipment. It features rug- 
gedness, light weight, compactness, high electrical ca- 
pacity, reliability, ease of mounting and long operation life. 

Function of the seal is to keep out moisture, dirt, oil 
and dust. The effectiveness of the seal in performing this 














function determines the reliability of operation of the 
switch. That’s why ‘“‘Micro”’ engineers, working with the 
rubber technologists of Acushnet Process Company, se- 
lected Perbunan as the logical material for this sealing 
application. 

Both by test and by use Perbunan proves its exceptional 
ability to resist deterioration from abrasion, heat or cold, 
oil or water. And a new stabilizer has been added that 
keeps even delicate color shades constant...with no dis- 
coloration of the fluids or materials it contacts. 

If you write to our nearest address, our experts will 
gladly assist on any rubber problem you have. 


ENJAY COMPANY, INC., 15 West 5lst 
Street, New York 19, N. Y.; First 
Central Tower, 106 South Main Street, 
Akron 8, Ohio; 221 North LaSalle 
Street, Chicago 1, Illinois; 378 Stuart 





REG. U. S. PAT, OFF 


PERBUNAN 


Street, Boston 17, Massachusetts 
West Coast Representatives: H. M. 





THE RUBBER THAT RESISTS 
Olt, COLD, HEAT AND TIME 


Propuct ENGINEERING — OctToseEr, 1947 


Royal Inc., 4814 Loma Vista Avenue, 
Los Angeles 11, California. Warehouse 
stocks in Elizabeth, New Jersey; Los 
Angeles, California; Chicago, Illinois; 
Akron, Ohio; and Baton Rouge, 


Louisiana. Copyright 1947, Enjuy Company, Ine 
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YOU CAN GET AN ORGANIC FINISH WITH 


ADHERENCE... 










. a 


BUT WILL IT ALSO 
MEASURE UP ON 


FLEXIBILITY? 


Unichrome Coatings offer you the Right Combination 
of properties for your product ...every time! 


ADHERENCE ALONE isn’t enough 
in a finish when the product may 
be subjected to twisting or bending 
—asin a measuring tape, for exam- 
ple. You need flexibility also, to 
prevent chipping or cracking. 

And when you can also get film 
hardness, and clear, high gloss in the 
same synthetic coating —you have 
a finish that’s really outstanding! 
Those are the very properties — all 
four—offered you in Unichrome 
Coating B-115. 

Which is why one manufacturer 


chooses B-115 to help “sell” flexible 
steel tapes. Another manufacturer 
finishes strip with B-115 before fab- 
ricating his product, for he finds 
those properties permit subsequent 
forming without any harm to fine 
appearance! 


Whatever you make, chances are 
there’s a Unichrome finish with the 
right combination of properties for 
it—ready to help you save on re- 
jects and build sales. Write today 
for more details on Unichrome Syn- 
thetics and Lacquers. 














*Trade Mark Reg. U.S. Pat. Of. 


SYNTHETIC COATINGS AND LACQUERS 


Products of 
UNITED CHROMIUM, INCORPORATED 


51 E. 42nd St., New York 17,N.Y. «+ 


Chicago 4, 1. + 
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Detroit 7, Mich. «+ 


Dayton 2, Ohio + 


Waterbury 90, Conn. 


Los Angeles 11, Cal. 


PRODUCI 





| maximum pressure and temperature a1 
| not higher than those tor 225 psi satu 

rated steam. The cast steel body and 
cap give the strength necessary to wit! 
stand external explosions. 


Radius Guide 


Rapidesign Inc., P. O. Box 592, Glen 
dale, Cal. 


The Radius Guide, No. 75, does away 
with the time consuming method of 
finding the correct center with compass 
and the trial and error process. The 





* ? 
Ny, 


4 
(- 





| overall diameter of the instrument is 
| 4% inches. The guide is made of 0.030 
in. transparent, drafting quality, sheet 
plastic. Calibrations of the 
protractor and all numerals 
| printed on one surface. 


| 


| Drip-Proof Electric Motor 


| ; 
Ficor Inc., 
cago ' i Ill. 


| This 1 hp a-c motor has a starting 


internal 
are im 


1501 W. Congress St., Chi 


torque three times as large as the full 


load torque and has power equal to 
twice the full load torque available t 
take momentary overloads 
Cool operation is obtained by fan venti 
lation and by heat dissipation through 
the heat conducting parts. 


care of 


Since the 
terminal box is accessible, leads can be 
| easily changed to give reversed rotation 
| This motor takes line voltage varia- 


tions from 104 to 126 v_ on lower 
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Out-of-round 
means 


out-of-stock 


This studied revolution of a Federal Ball Bearing is the 


forerunner of many thousands at high-speed every minute 


of its long operating life. The O.D. high and low spots, 
which mean taper and out-of-round, are intercepted at this 
point of Federal’s inspection control. 1.D. grinding, too, is 
held to such critical account to assure that bores are cylin- 
drical, not bellmouthed, tapered or out-of-round. 

Proper operating fit is the end result...correct running 
clearances maintained between the housing and shaft. 

laking the “measure” of a bearing to Federal’s rigid 
standards involves over 100 individual production, inspec- 


tion and cleaning operations—with every fourth operator 


CN 
‘e) 
Lk 3 

~ 


» ~ 
Ir 
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an inspector. Out of this system of check and re-check, fifty 
years in the developing, Federal Bearings are equipped to 
deliver friction-free performance on any assignment. 
Your application may benefit from a Federal Ball Bear- 
ing installation. Our representative in your vicinity will 
gladly talk it over with you. Write for catalog “K? It de- 


scribes the complete line of Federal Ball Bearings. 


THE FEDERAL BEARINGS CO., INC. - POUGHKEEPSIE, NEW YORK 


Makers i Sne Be we Poa 2cregd 
Detroit: 2640 Book Tower—26 © Cleveland: 402 Swetland Buildina—1 


Chicago: 8S. M Ave.—3 * Los Angeles: 5410 Wilshire Blvd.—3¢ 


FEDERAL BALL BEARINGS 


OF AMERICA’S LEADING BALL BEARING MANUFACTURERS 
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DARNELL 


CASTERS & WHEELS 


feature a DOUBLE BALL- 
BEARING SWIVEL HEAD 
—assuring the easiest 
handling of the heaviest 
loads on any type floor. 


LTD oc 


YRNIA 3 Cl 


WALKER ST NEW YORK 13 


DARNELL CORP 


14 ALI NTON CHICA 
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setting, and from 207 to 253 v on highe 
setting, with full rated power delivered 
The motor will operate on either 11: 
or 230 v a-c by making simple connec 
tion changes. 


Toughness Tester 


The Hall Planetary Co., Fox and Al 

botsford Ave., Philadelphia, Pa. 
This toughness tester provides a simple 
and direct method for testing the qual 
ity of high speed steel in cutting edges 
of tools after heat-treatment. The test 
piece is placed on the anvil beneath thx 





Pressure on the punch is 
slowly increased until the tool edge 
breaks. The gage reading at rupture 
and a visual inspection afterward are 
an index of the toughness of the mate- 
rial at the service edge. A clean break 
with displacement of a small volume of 
metal indicates a satisfactory tool steel, 
properly heat-treated. Spalling indi- 
cates a cutting edge with poor wearing 
qualities. 


stylus punch. 


Ball Bearings 


Marlin-Rockwell Corp., Jamestown 
N. 2. 

A standard-dimension bearing equipped 
with one or both sides, the 
“Synthe-Seal” is efficient in the reten- 
tion of lubricant. The seals are made 
of soft synthetic rubber with a steel 
core for strength. The pliable rubb 
wiping lips are in contact with a ground 
curved surface on the inner race 
These seals exclude dirt, moisture 

other harmful substances. The s) 
thetic rubber is not affected by water, 
oil, grease or solvents. The operating 
temperatures for these bearings rang 
from —30 F to +225 F, and the se: 


seals on 


a | 


>» oO 
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ADEL Ahaule Egusomenil 


PRECISION-BUILT PRODUCTS FOR PRECISE CONTROL 


The operating characteristics of hy- 
draulics are unsurpassed for control of 
industrial machinery. When adapted 
for additional work capacity of existing 
machinery, or as a labor-saving device, 
hydraulics provide a wide range of 
power, precisely controlled as to tim- 
ing, speed and force. 


POWER TO HOLD OR CLAMP 


Qe . 





POWER TO MOVE 


Adel Precision Products Corp. is well 
versed in hydraulic applications. Adel 
precision-built hydraulic equipment is 
engineered to the requirements of each 
particular installation. Here are a few 
of the products in the Adel Industrial 
line of hydraulic equipment: 





HYDRAULIC ACTUATING CYLINDERS — Adel 
Actuating Cylinders provide linear force, to 
pull, push, life or lower. Available in either 
single or double acting types, they are used to 
Operate pressure-actuated machines, presses, 
hoists, rapid action jigs, farm lifts, etc. 





HYDRAULIC POWER PUMP— Here's a new, gear- 
type pump designed and constructed espec- 
ially for hydraulic service. At 2250 rpm, this 
powerful, compact unit delivers 12.5 gpm at 
800 psi. Adel hydraulic pumps may be direct 
connected to motor shaft, or driven by belts, 
gears or chain. 





4-WAY SELECTOR VALVE = Upon release of 
handle, valve automatically returns to neutral 
position. In this position, pressure is connected 
to return and an integral lock valve positively 
holds the actuating cylinder in position. This 
valve is particularly adaptable to such applica- 
tions as tractors, cranes, hydraulic presses,etc. 
7 


# 


SOLENOID VALVES— Adel Solenoid Valves 
are of the poppet type. They assure long life 
and fast action, with the least expenditure of 
electrical energy. They provide instantaneous, 
effortless control of hydraulic circuits at the 
touch of a button. Adel Solenoid Valves are 
used for remote control of hydraulic power 
or other automatic flow control operations. 


Adel stands ready to work with you on any problem in the 
field of hydraulics. At your service are Adel's years of 
experience, extensive manufacturing facilities and prac- 
tical engineering skill. Address Adel Precision Products 
Corp., 10757 Van Owen Street, Burbank, California. 


ADEL PRECISION PRODUCTS CORP. 
BURBANK, CALIF. % HUNTINGTON, W. VA. 


Manufacturers of: Aircraft Hydraulic Systems * Marine & Industrial |SOdraulic 
Controls © Halfco Self-Aligning Bearings © Line Support Clips & Blocks 
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Aircraft Valves ¢ Industrial Valves 








can cause no distortion of the inner or 
outer races. Synthe-Seal bearings are 
manufactured in standard SAE single- 
row bores, OD’s and widths and replace 
other bearings in the same position. 


Fiat Head Cap Screws 


The Holo-Krome Screw 
Brooks St., Hartford, Conn. 


A new member of the Holo-Krome se- 
ries, the flat head socket cap screw is 
made from a special analysis alloy steel. 
This screw is cold forged, with the ex- 
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ception of the threads, by a patented 
process. The hexagonal socket admits 
standard socket wrenches, and can be 
turned by an ordinary screw driver if 
necessary. These cap screws are avail- 
able in all standard sizes and threads. 


Chemically Inert Gaskets 


United States Gasket Co., 703 N. 10th 

Street, Camden, N. J. 
Special techniques that impart resilient 
characteristics to thermoplastic mate- 
rials are used in the manufacture of 
Chemiseal gaskets. They are fabri- 
cated from Teflon, which is resistant 
to the chemical action of organic and 
inorganic acids, bases, esters, ketones, 
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BAKER BROTHERS 40 HP 

BORING & DRILLING 

< MACHINE. 

Cone-Drive to the spindle “gives 
powerful but smooth transfer of power” 
to the CARBIDE tipped multiple blade 
cutter head. 


GIDDINGS & LEWIS MACHINE > 
TOOL CO.’S BORING, 
DRILLING & MILLING 

MACHINE. 

Cone-Drives are used on this as 
well as other G & L machines for 
smooth, accurate transfer of power in 
less space than otherwise possible. 


GISHOLT MACHINE 
COMPANY’S 50-TON 180-HP 
TURN MILL. 


Roughs all rod bearings on 
crankshaft from the forging every 2 
minutes. The six 24” OD—78 rpm cut- 
ters are individually driven from 25 hp 
motors through 25:1, 10” C.D. Cone- 
Drives at 445 SFPM. This drive not 
only transmits high power smoothly 
but saves considerable space. Two 4” and 
two 5” C.D. (No. 7415) Cone-Drives 
rotate the work spindle smoothly at 
1 rpm. The 5” Cone-Drives are driven 
by 2 pinions, one on each side of the 
vear, arranged so as to eliminate backlash. 


G. A. GRAY CO.’S 36 TON o 
HORIZONTAL BORING, 
DRILLING & MILLING 

MACHINE. 
714” C.D. Cone-Drives feed the 
column smoothly along the runway at 

14” to 120” per minute to a micro-jog- 

ging accuracy of 0.00025”. Gears are 

self-locking for climb milling conditions, 
make for compactness by saving space. 


MICHIGAN TOOL’S NEW 
“"3-WAY” UNDERPASS GEAR 
FINISHER. 

Faster gear finishing by avy of 3 
methods (selected at will) plus of 
course real smoothness and accuracy 
through Cone-Drives to the high speed 
cutters. 


SHEFFIELD CORPORATION'S 
GEAR CHAMFERING 
MACHINES. 


With Cone-Drive geared heads “‘for 
greater accuracy, less chance of backlash 
more tooth-to-tooth contact and higher 
gear strength.” 


plus numerous other new Cone-Drive 
operated machines. 


CONE-DRIVE DIVISION MICHIGAN Toor company 


7171 E. McNichols Road, Detroit 12, U.S. A. 
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YOUR ASSURANCE IT’S DESIGNED RIGHT, 
BUILT RIGHT... 


the RIGHT 
POWER 


TO MEET THE MOST EXACTING REQUIREMENTS — 


To users, dealers, and builders of — ~% gasoline 
powered equipment the world over, the trade-mark on a 
Briggs & Stratton engine is more than a label. It is a seal 
of quality— backed by the performance record of over 
3 MILLION Briggs & Stratton engines during more than 
28 years of continuous production. No other manufacturer 
has built so many 4-cycle air-cooled engines, or has 
had such long experience in building them. That's why 
the name BRIGGS & STRATTON stands for all that is 


best in meeting your most exacting power requirements. 


FOR INDUSTRIAL 
CONSTRUCTION 
RAILROAD AND FARM 
EQUIPMENT 


BRIGGS & STRATTON CORPORATION 


Milwaukee 1, Wisconsin, U.S.A. 


aromatic hydro carbons and _ halogen- 


ated solvents and acids. Melted so 
dium, and fluorine under pressure 
cannot be used with these gaskets. 
Temperatures from —200 F to +500 
F will not cause brittleness or decom- 
position. These gaskets will not stick 
to flanges or become coated with 
process materials. 


Thermal Limit Switch 


Control Products Inc., 306 Sussex St., 

Harrison, N. J. 
Originally designed to provide a ther- 
mal switch to warn when excessive 
temperatures were reached in automo- 
tive gear boxes, railway journal boxes, 
and as an indicator for high or low 
temperatures in fluids under pressure, 
the Plug-Stat thermal control and 
limit switch will operate under condi- 


tions of severe virbration, dirt and 
abuse. It can be installed in a drilled 
and tapped !4-27 N.P.T. or a N.F.-2, 
3-24 hole. Control ranges from —60 
F to +600 F with an amplitude of 
operation of + 3 degrees Fahrenheit. 
The switch, normally open or normally 
closed, operates from a 28 v, 2 amp. 
source. The case is fabricated from 
cold rolled steel, brass or stainless 
steel, and is hermetically sealed against 
pressure, moisture—and dirt. 


Electroplated Wire 


Kenmore Metals Corp., Warren, Pa. 
A new type of electroplated wire that 
can be bent, swaged, hammered, woven, 
or twisted without flaking can be used 
in radio tubes, incandescent and fluores- 
cent lamps, electrical appliances and 
wire goods. Fernicklon is made by con- 
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at the 
HEART OF THE @ 
ECHANISM 








Wherever extraordinary or difficult operating conditions 

prevail, Sirvene pliable parts deliver dependable service at = J ‘ 

the very heart of the mechanism. They may control fuel X BNE 

intake, maintain delicate air pressure and fluid ratios, or , BING 

provide an effective seal against mud, dirt, oil, water and mn Gime N\\. 

other solubles. In each application Chicago Rawhide engi- 

neers custom-develop the Sirvene part from special formulae THE SCIENTIFIC COMPOUNDED ELASTOMER 


80 that it meets exact specifications in design, elasticity or A Product of the Synthetic Rubber Division 
hardness, resilience, compression set, temperature resist- 
ance and tensile strength. Whenever your designs require 
‘nusua! molded parts, investigate Sirvene first. 


1305 Elston Avenue Chicago 272, Illinois 














Pines Extremely Versatile Units 


Cut Machining and Handling Time 


An analysis of your tube and pipe fabrication jobs will indicate that these 
four outstanding Pines machines accomplish worthwhile savings in time and 
money .. . and offer the ideal method on a wide variety of pipe and tube work. 





Pines BENDERS auto- 
matically duplicate each bend 


accurately . . . produce up to 800 bends 
per hour . . . Degree-of-Bend Selector re- 
produces each bend to desired angle main- 
taining uniformity throughout entire lot ... 
quickly set up for any job ... tooled to 
prevent wall deformation ... capacities up 
to 6"' extra heavy pipe. 







Pines CUT-OFF machines cut pipe and tub- 
ing within a few thousandths inch of speci- 
fied length . . . fast, fully automatic hy- 
\ draulic controls...quickly interchangeable 
tools, either parting tool bits or rotary cut- 


off discs ... capacity from '/2"' to 27%," 
O.D. ... entire automatic machining cycle 
only I'/2 seconds ... produces up to 1500 


pieces per hour ... one operator can at- 
tend several machines, 


Pines engineers will recommend 
the proper size and type of Pines 
machines from their extensive line 
for your specific pipe and tube 
fabricating jobs — without cost 
or obligation. Today . . . write 
for this consultation service. 








BENDING 





PROFILING 














simple to operate 


and 


tive . 


erin 
up 


required 







Soe 


Pines PROFILERS decrease 
costs on all types of end machining opera- 
tions through higher output ... for end- 
turning, boring, chamfering, threading, tap- 
ping, burring, etc. . single or double 
spindle operation ... fully automatic models 
equipped with feed and discharge con- 
veyors eliminating in-process handling of 
work, 


CENT- 
ERING”~s ma- 
chine estab- 
lishes end 
center holes 
in bars . 


Pines 


highly produc. 
. self cent- 
g chuck handles 
to 5°’ diameter stock .. 
centers 


- No adjustment 


either round of 


square stock. 


Further Information FREE...You 


ca 


n obtain more comprehensive 


data on how you can use Pines 
tube and pipe fabricating ma- 
chines to advantage by sending 
for your copy of Bulletin No. 
107. 


CUT-OFF 





CENTERING «% 


~) 


Ss ENGINEERING CO., Inc. 


? c c ) 
Specialists in ei FS Fabeicating Equipment 


662 WALNUT 





AURORA, ILLINOIS 


tinuously electroplating %4 in. diameter 
| metal rods and then cold-drawing to 
diameters as fine as 0.0038 inches. One 
inch of % in. plated rod can produce as 
much as 100,000 feet of wire. It can bs 
ordered in continuous sections of al- 
most any length. This wire can be 
| subjected to severe climatic conditions 
| when an anti-corrosive coating metal is 
| used. It can be welded to form a 
| product without destroying the coating 
| at the point of the weld. Types now 
manufactured include: steel wire with 
| nickel, copper wire with nickel or silver 
and are available with die polish o: 
satin finishes. 


Flat Top Conveyor Chain 


The Wade-Morrison Co., 18401 Shaker 
Blvd., Cleveland, Ohio 


| This conveyor chain is used for handling 
| bottles, jars, cans, etc., through clean- 
| ing, filling, capping and inspection opera- 
| 





tions, and for moving materials between 
machines. All links of this chain are 
identical. The chain is available in 1% 
in. pitch and in any width top plate from 





inches. 


3 to 7% It can be had in carbon 
steel with pins and bushings carburized 
and hardened or in Type 304-18-8 stain 
less steel with special alloy pins and 
bushings, hardened to give durability 
The top surface of all chain is ground 
after assembly. This chain will operate 
over No. 60 extended pitch sprockets o1 
over extra width sprockets to give long 
wear. 


Industrial Relief Valve 





Electrol Inc., 85 Grand St., Kingst 
| Oe se 

| Designed for industrial uses with min 
| eral oil, this relief valve can be adapted 
| for use with water in special cases 
| The valve has a dampening devi 
| consisting of a close fitted piston work 
| 

| 


ing in oil. The range between cracki! 
pressure and full flow can be kept ve 
| small, with cracking pressure reachit 
go percent full flow pressure. T 
spread between full flow and re-seatin 
pressure can be kept small, with 
seating pressure as high as 85 perc: 
of full flow The 


pressure. valve 
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IN RESTYLING its line of personal 
brushes, Fuller Brush Company 
chose cellulose acetate plastics 

y above all other materials. Many 

requirements had to be met by 
the plastics selected for this important 
application. 

First, the materials had to be ex- 
tremely tough and resistant to shatter- 
ing—to withstand the high-speed drill- 
ing of holes and the impact of stapling 
the bristles during manufacture. 

These properties, plus good dimen- 
sional stability, were essential service 
requirements, too—in order to obviate 


Brushes molded by Fuller Brush Company from cellulose acetate supplied 
by Chemaco Corporation. Brushes designed by J. Gordon Lippincott 


loosening of the bristles or cracking of 
the handles under varying climatic con- 
ditions. Other plastics tested did not 
possess these desirable properties. 
Secondly, the plastics had to be mold- 
able to close dimensions and adaptable 
to the high speed injection process—so 
as to faithfully reproduce the new dc- 
signs with the least finishing, and to 
meet mass-production demands rapidly. 
Finally, from a consumer standpoint, 
the materials selected had to be light 
in weight; pleasant to the touch; resist- 
ant to soap, hot water, and toilet prep- 
arations; and obtainable in hues that 


would have universal eye-appeal. 

In meeting all these needs for Fuller 
Brush Company, cellulose acetate again 
demonstrates how high quality styling 
and unusual durability can be combined 
with maximum economy. 

If you have a restyling problem, in 
vestigate the cellulosics. While Hercules 
does not make cellulosic plastics or 
molding powder, we will be glad to sence 
you helpful technical literature on the 
Ilercules base materials from which 
they are made. 

HERCULES POWDER COMPANY 
904 Market Street, Wilmington 99, Delaware 


ave and Sell with + Colemete Plastics: 


CELLULOSE ACETATE ¢ ETHYL CELLULOSE e« NITROCELLULOSE 
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LL \\ AAS 
MOYNAHAN 


FABRtic¢éaAawttioogwnN §& 
... Hinges for a Thousand Uses 









There #s an answer to your hinge or connector problem — Moynahan 
Fabrications. Moynahan engineers have developed hundreds of 
extruded hinges and connectors to meet customers’ specific needs. 
They're available to you, too, in lengths from 0’1” to 21'0”—in alumi- 
num alloys, magnesium, bronze —in non-corrosive finishes, bright, 
or in colors to match any product. 


Moynahan hinges and assembly connectors are engineered to your 
individual requirements for strength and appearance. Tested struc- 
tural members — precision machined — with perfectly matched loops 
and spaces for universal interchangeability. Hinges, yes—but with a 
beauty dividend. 


Many of the following products are designed to include Moynahan 
custom hinges and fabrications. They may suggest a solution to your 
hinge or assembly problem. 


Aircraft Trailers Railroad Cars Our new catalog will prove of 
Displays Shipping Cases Luggage interest to your engineering de- 
Music Boxes Radios Refrigerators partment. Why not send for your 
Furniture Shower Doors Light Fixtures copy today? 


MOYNAHAN BRONZE CO., 9073 ALPINE AVENUE, DETROIT 4, MICH. 

















available in two models with bodies of 
17 ST heat-treated aluminum alloy 
with poppet valve and seat hardened 
and ground steel. Both models have 
a 500 to 2,100 psi pressure range. 
Model 523-8, 5 x 2 x 1% in., has 


3g — 18 N.P.T. ports with 6 gpm 
maximum __ flow. Model 523-14 
814 x 2% x 3% in, has % — 14 


N.P.T. ports with 16 gpm maximum 
flow. 


Indicator Lights 


American Electronics Corp., 226 N 

Fourth St., Columbus, Ohio 
Neon-glow lamp indicators are for us: 
as a sub-assembly where lighted indi- 
cators are desired. They are available 
in diversified tvpes to meet a wide range 





of requirements in method of mounting, 
visibility, appearance and light bril- 
liance. These bulbs have a minimum 
current consumption and a long life 
compared to incandescent lamps. Units 
are provided with or without shielded 
lead wires. The heat resisting housing 
incloses a neon glow bulb, permanent 
or replaceable, and proper resistance 
for operating on a-c or d-c voltage of 
70 volts and upward. 


Miniature Fluorescent Lamps 
Stocker and Yale, 48 Birch St., Marble 
head, Mass. 

Microscope and general utility lamps 

that can be used to promote safety as 

well as visibility give an intense light 
at 3 in. working distance. The twin 





‘a 


ee signet ss (O- Vianiutachwmas of INDUSTRIAL METAL PRODUCTS 4 w lamps straddle the objective lens 


when used on a microscope, and prevent 
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Here are four types of BOSTON couplings suitable for 
a wide range of applications from “flea’’ power up to 


100 horsepower—available in 69 different stock sizes! 


coupling and is made up of a flexible disc. of vul- 

canized rubbered fabric inserted between two metal 
flanges with hubs. It is available in various sizes capable of 
transmitting from 1 horsepower up to 100 horsepower. 


| This is what is known as the Renold-Hardy flexible 


three-jaw coupling and is made of a high grade, low 

carbon content steel with a non-metallic cushion be- 
tween the jaws to absorb vibration or shocks. It is available 
in bore sizes ranging from ¥%"’ to 1/2" diameter. 

‘ 

This coupling is known as BOSTON type “FA”—a 

multi-jaw coupling and is made of untreated steel. 

This coupling is particularly well suited for use with 
small displays or other light duty applications. It is available 
in bore sizes ranging from %e6”’ to Y2"’ diameter. 


2 This coupling is known as BOSTON type “FCN”—a 


special ball bearing type flexible coupling and is 

made of case-hardened steel with an insert having 
hardened and ground steel balls. The greater flexibility of 
this coupling over an ordinary jaw coupling removes the 
strain between motor and machine, permitting unrestricted 
end play of motor shaft. It is available in bore sizes ranging 
from ¥%"’ to 1¥2’’ diameter. 


4 This coupling is known as BOSTON type “FCB”—a 


One of the main features of these couplings is that practically 
all 69 sizes are carried in stock ready for immediate de- 
livery. Send for your copy of Boston Gear Catalog 54 listing 
these 69 couplings as well as all other Boston Power Trans- 
mission Equipment and Component Machine Parts, 


BOSTON GEAR WORKS - INC. 


NORTH QUINCY 71, MASSACHUSETTS 








GENTLEMEN: Please send me copies of Boston Gear 
General Catalog 54 containing complete specifications and list prices 
of your couplings and all other Boston Power Transmission Equipment 
and Component Machine Parts. 


NAME 





COMPANY 





STREET 





CITY STATE 
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PHOTO COURTESY COLLMAN MANUFACTURING CORP. 


DC 44 Silicone Grease is used to lubricate this new electric 
shover made by the Collman Manufacturing Corp. 


FOR A LONG LIFE OF 
TROUBLE-FREE SERVICE 


In electric shavers or locomotives, 
requirements are the same—long life and 
trouble-free service. These requirements are 
met by designing and redesigning to capitalize 
on the properties of the best materials available. 


the basic 


The kind of lubricant used is frequently as 
important as the materials of construction or 
the tolerances and workmanship. An unusual 
example is the experience of Collman Manu- 
facturing Corporation of Erie, Pa., makers of 
the Collman 58” electric shaver. 


In this shaver a small four pole motor on a case 
hardened steel shaft rotates at high speed in 
plastic laminated bearings. Many organic 
greases were tried, but none of them had 
enough lubricity to increase the original 
speed of the motor. But use of DC 44 added 
1500 r.p.m.—proof of its excellent lubricity 
between hardened steel and plastic bearings. 
And DC 44 stays where it’s put. Bleeding of 
DC 44 is less than 2% after 16 hours at 110°C. 
That means more permanent lubrication. It also 
means more trouble-free operation in this 
application where the electrical contact points 
are only half an inch from the bearings. Organic 
greases migrated, decomposed on the contact 
points, and stopped the motor. DC 44 has less 
tendency to migrate and it does not decompose 
to form troublesome gums or sludges. 

In the trend toward really permanent lubrication 
the DC Silicone Greases are inescapable. You'll 
find them described in data sheet No. C7-5, 


DOW CORNING CORPORATION 
MIDLAND, MICHIGAN 


New York ¢ Chicago ¢ Cleveland « Los Angeles 
In Canada: Fiberglas Canada, Ltd., Toronto 
In England: Albright and Wilson, Ltd., London 


scl orning 
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| halos, 


614 in. long. 
cycle a-c, and the ballast is built into 








| mobile applications. 


highlights and shadows. The 
unit can also be used to illuminate 
belts, moving parts and benches in 
manufacturing plants. The twin lamp 
measures 136 in. high, 234 in. wide and 
It operates on 115 v 60 


the plug connector. 


Low Voltage Tetrode 


Eitel-McCullough Inc., 178 San Mateo 
Ave., San Bruno, Cal. 


Physically small, radiation cooled, and 


designed to fit available sockets, Type | 
4-65A tubes were made to fill the need | 
for a low voltage tetrode suited for | 


It features 


an 
stant heating 6 v thoriated tungsten 
filament, non-emitting grids and a proc- 
essed metal plate; all inclosed in a hard 
glass envelope. Good performance is 


| obtained over the entire rated plate 
| voltage range; 400 to 3,000 volts. 


Motor Controllers 


Furnas Electric Co., 444 McKee St., 
Batavia, Til. 


The Furnas A ser‘es of 1 hp electric 
motor controllers was designed for me- 
dium industrial or work shop equip- 
ment. ‘They are available in four 
switching arrangements: reversing 
two-speed, series-parallel and three- 
pole “off-on”. The case. handle and | 
contact rotor are made of plastic. The 








in- | 








Engineered to stand up on 
the toughest jobs, Thomas 
Flexible Couplings do not 
depend on springs, gears, 
rubber or grids to drive. All 
power is transmitted by di- 
rect pull. 


wih Thestandard 
LATE P > line of Thomas 








i In Couplings meets 
‘i \“/ practically all 
ROTA Wr requirements. 


But if unusual 
conditions exist 


ts T 
Ai $ a 
ani } y [| we are equipped 
iG OH j to engineer and 
Wale dys \ build special 
Rua couplings 
. Ris a > Pp g ” 
— 
1 fh 
A fv 
" f i 
\ \ \ 
ty 
PATENTED 
FLEXIBLE 
DISCS 


THE THOMAS PRINCIPLE 
GUARANTEES PERFECT 
BALANCE UNDER ALL CON- 
DITIONS OF MISALIGNMENT 


Write for New Engineering Catalog 


THOMAS FLEXIBLE 


COUPLING CO. 


WARREN, PENNSYLVANIA 
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EVERYTHING FROM . 


CRANE | 


NOTE THIS COMPLETE 
TABLE OF CONTENTS 


Materials 

End Connections 

Dimensional Tolerances 

Straps and Supports 

Galvanizing and Painting 

Testing 

Stress Relieving and Heat Treating 


Instructions for Ordering Pipe 
Coils 


Recommended and Minimum 
Dimensions 


Designations of Pipe Coils 


Listing of Common Types of Pipe 
Coils 


Headers 

Pipe Data 

Length of Pipe in Bends 
Engineering Data 


Accessories for Pipe Coils 











| —_ 
FOR EVERY P/P/NG SYSTEM pemuie 





-»- A NEW HANDBOOK 
FOR PRODUCT DESIGNERS 





48 Pages of Useful 
Pipe Coil Information 


All the information you usually need when designing or specifying 
pipe coils is in this new Crane Circular No. 318. Here’s where you'll 
find all the dimensions you need. Also diagrams of all common type 
coils, and photos of many others. 


The engineering data section contains a lot of handy tables and 
charts, also working data on the theory of heat transfer through pipe 
walls, and on heating water with steam. Every page gives practical 


help. 


Mail Coupon Below for Your Free Copy 


You'll like Circular 318 for complete and accurate reference on pipe 
coil specifications, and for getting good, sound pipe coil values. Its 
entire content is based on laboratory and field research, and on 
Crane Co.’s long experience as the leading designer and fabricator 
of piping equipment for all applications. 

Get your free copy with the coupon below. Or ask for one on a 
postcard to the Crane Branch in your area. 


| | PIPE COILS DIVISION 
Crane Co., General Offices: 
836 S. Michigan Ave., Chicago 5, Ill. 
| Send me a copy of Pipe Coils Circular No. 318. 


VALVES + FITTINGS + PIPE - PLUMBING AND HEATING ae ee STATE.. 
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“If it carries this Seal 
it’s a job well done”’ 


This insignia on your galvanizing job 
designates that it has been done by a 
member of the American Hot Dip 
Galvanizers Association whose mem- 
bership is pledged to the highest 
standards of practice and ethics in 
the galvanizing industry. 

It means that each member of the 
Association has access to the collec- 
tive ‘know how” and the experience 
of the entire membership. 

It is your assurance of the highest 
quality in materials and workmanship, 
the latest in equipment and most 
modern of methods. 

Any of the Association's members 
will gladly give you estimates on your 
galvanizing requirements. 


ALABAMA 
THE LERIO CORPORATION, MOBILE 
CONNECTICUT 
WILCOX, CRITTENDEN & CO.,INC., MIDDLETOWN 
ILLINOIS 


EQUIPMENT STEEL PRODUCTS, BLUE ISLAND 
JOSLYN MFG. & SUPPLY CO CHICAGO 
STANDARD GALVANIZING CO., CHICAGO 


LOUISIANA 
HAKE GALVANIZING CO., HARVEY 
MAINE 
THOMAS LAUGHLIN COMPANY, PORTLAND 
MARYLAND 
SOUTHERN GALVANIZING CO., BALTIMORE 
MICHIGAN 
RIVERSIDE FOUNDRY & GALV. CO., KALAMAZOO 
MISSOURI 
COLUMBIAN STEEL TANK CO., KANSAS CITY 
MISSOURI ROLLING MILL CORP., ST. LOUIS 
NEW JERSEY 
DIAMOND EXPANSION BOLT CO., INC., GARWOOD 


L. O. KOVEN & BROTHER, INC JERSEY CITY 
INDEPENDENT GAL VANIZING COMPANY, NEWARK 


NEW YORK 
SMITH FENCE COMPANY, BUFFALO 
THE THOS. GREGORY GALV. WORKS, MASPETH 


OHIO 
THE FANNER MFG. CO., CLEVELAND 
THE NATIONAL TELEPHONE SUPPLY CoO., 
CLEVELAND 
THE WITT CORNICE COMPANY, CINCINNATI 
COMMERCIAL METALS TREATING, INC 
TOLEDO 


PENNSYLVANIA 
LEHIGH STRUCTURAL STEEL CO., ALLENTOWN 
PHILA. RANGE BOILER & TANK CO 
COATESVILLE 
AMERICAN TINNING & GALVANIZING CO. 
HANLON-GREGORY GALVANIZING CO., 
PITTSBURGH 
OLIVER IRON & STEEL CORP., PITTSBURGH 
PENN GALVANIZING COMPANY, PHILADELPHIA 


TENNESSEE 
HEDGES MFG. COMPANY, INC 
CHATTANOOGA 

TEXAS 
SMITH COMPANY, HOUSTON 


WASHINGTON 
ISAACSON IRON WORKS, SEATTLE 


WISCONSIN 
ACME GALVANIZING, INC., MILWAUKEE 


ERIE 


mM. M 


NOWERY J 


AMERICAN HOT DIP 
GALVANIZERS 
ASSOCIATION, INC. 


FIRST NATIONAL BANK BLDG. 
PITTSBURGH 22, PA. 
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mounted in 
available brackets 


can be 


unit various wavs 
and 


These controllers are rated 1 hp, single 


with plates. 


and 3 phase, 110 to 550 v a-c; '4 hp 
115 to 230 v d-c; and non-inductive 
loads; 10 amp 110 v a-c or 5 amp 220 
v alternating current 
Controlled Electrolyzer 

VW Ray Saigs CO., 1156 | 7 olorado Sl 


Pasadena 1, Cal. 


A number of zinc and copper plates, 
mounted in series, make up the McRay 
Electrolytic This 
trols electrolysis, removes scale and cor- 
and 


‘Treater. unit con 


rosion, prevents its formation in 
boilers. The device sets up an electroly- 
tic force that renders the salts and min- 
Normally installed in a 


erals inert. 


ase na2 cE 


preheater just ahead of the boiler, tuis 
unit can also be used in water heaters, 
automotive engines, stationary engines, 
and oil well pumps. The treater re 
quires a minimum of attention after 
installation, and keeps the boiler tubes, 
steam valves, controls and steam distri 
bution piping in good condition. Vari 


ous sizes are available to fit all boilers 


Electronic Circuit Tester 


Precision Apparatus Co. Inc 2; 

Horace Harding Blvd., Elmhurst, L. 1 

V.Y. 
Available in laboratory and_ portable 
models, the Precision \Multi- Master Se 
ries 858 is a sensitive 20,000 ohm per 
volt, wide range test set used for high- 
speed measurements in modern elec- 
It contains an automatic 


push button range and function selection 


tronic circuits. 


system. All standard functions are avail- 


able at only two polarized tip jacks. 


One row of five buttons selects all func 
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Design Ha 


ae) 


ACE SARAN 


ee ee ee 





WELDING SARAN IS EASY—Heat joints 
on hot plate until plastic. Then 
simply squeeze tightly together as 
shown for sound joint. 








SHAPES FORMED FROM PIPE—These 
are typical of parts designed from 
corrosion-resistant, tough ACE 
Saran standard pipe. Similarly 
small-quantity parts can be formed 
from ACE extruded rod or special 
sections. 


By combining pipe and tube, many 
complicated parts and assemblies 
can be formed economically with 
all advantages of Saran plastics 
by ACE. 


IF IT'S MOLDED OR EXTRUDED 


Specify ACE 


and send your drawings fo 


AMERICAN HARD RUBBER COMPANY 
11 MERCER STREET, NEW YORK 13,N. Y. 























ELECTROL POWERPAK: A complete hydraulic power system used 
for controlling flaps and landing gear in aircraft—originally con- 
fined fluid with threaded pipe plugs. Result—expensive sealing. 


Redesign with Waldes Truarc rings not only saved 
us 65 cents a unit and 6% minutes production time, 
it made a more compact and finer product—reports 
Electrol, Inc., of Kingston, N. Y. Truarc helped cut 
4 ounces a unit, eliminated milling and tapping, 
allowed switching from skilled to semi-skilled 
labor. Maintenance was cut more than a half. 
Redesign with Truarc, and you will cut costs 
and increase production, too. Wherever you use 
machined shoulders, nuts, bolts, snap rings, cotter 
pins—there’s a Truarc ring that does a better job 
of holding parts together. All Waldes Truarc retain- 
ing rings are precision engineered, easy to assem- 
ble and disassemble, always circular to give a 
never-failing grip. They can be used over and over 
again. Send us your problem. Waldes Truarc engi- 
neers will be glad to show how Truarc can help you. 








WALDES 


RUARL 


U. S, PATENT RE. 18.144 


RETAINING RINGS 


WALDES KOHINOOR, INC., LONG ISLAND CITY 1, NEW YORK 





Canadian Rep.. Controlite Engineering & Sales Ltd., 20 Bloor Street W., Toronto 5 
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Redesign eliminates 12 operations, reduces Unit Cost 65 cents 


NEW DESIGN: Waldes Truarc rings provide positive seal up to 


3000 P.S.1. for plugs without threads. Changeover eliminated two 
al: 


ten tapping operations. Result—inexpensive sealing. 





15 Waldes Truare Retaining Rings 
effect these Savings 


SAVING 
Eliminate 2 milling operations . . $.10 
Replace 10 tapping operations 
Co Pee eee eee ee. 
Increase accuracy of mating parts .03 
Replace pipe plugs with plugs 
made in automatics 16 
Cut plug assembly time over50% .15 
Reduce production test time. . .06 


Total savings per unit . . $.65 


® Send for new Truarc booklet, 
“New Development In Retaining Rings” 














Business Address 





tr ae — Se SE eee ee eee ee eee ee es oe a 
i Waldes Kohinoor, Inc., 47-10 Austel Place 28-T i 
Long Island City 1, N. Y. , 

i Please send booklet, ‘‘New Development In Retaining 
4 Rings” to: I 
i Name , 
i I 
“| ‘Title t 
’ I 

Compan 

I , I 
I I 
I ! 


City Zone State 





Leese eee eee eee eee eee 
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SMVE SUPILVISIOM 


in fitting 


PEELTSIUM PYRTS 


« q 
YOU PROBABLY KNOW Lamiiam shims as\assembly time savers. 
But have you overlooked the fact that in fitting machine parts by peeling 
these precision laminations, considerably less supervision is required. 
You have the certainty of uniform accuracy ... with no spoilage. Your 
request for data invieod. 


(Laminum shims are cut to your specifications For maintenance work, however, shim materials 
tere sold through industrial distributors. 


/ 
us, inated Shim Company, Incorporated 
63 Union Street . Glenbrook, Conan. 
THE SOLID SHIM THAT FOR 
ADJUSTMENT 











tions such as: Volts, ohms, mils, 
decibels, amperes, and microamperes. 
The other row of six buttons selects all! 
ranges. There are 54 ranges: to 6,000 
v, 600 megohms, 12 amp, 70 db and 60 
microamp, 20,000 and 1,000 ohms per 
volt d-c and 1,000 ohms per volt alter- 
nating current. 


Differential Air Engine 


National Pneumatic Co., Industrial 

Sales Div., Rahway, N. J. 
The differential principle used in these 
engines permits operation with eithe: 
one or two controlled air lines. Positive 
engine powers are obtained in both d 
rections. Operating on one controlled 
air line at 100 psi, Differential Engines 
are available in sizes to deliver “in- 
stroke” power ranging from 100. to 
1,335 lb., and “out-stroke” power from 
105 to 1,070 pounds. Each engine has 
a piston assembly presenting two dif 


ferent diameters. Constant air pressure 
trom the reservoir is introduced be 
tween these pistons. “The differentia! 
force is exerted towards the large end 
When air is also admitted on the far 
side of the large piston, it will force 
the piston towards the small end. The 
double piston assembly prevents locking 
of the piston rod. Automatically ad 
justed air seals are provided by the 
piston cups. Air pressure against the 
cups causes them to expand against the 
cylinder walls; also compensating for 
wear. Engines are available’ wit 
strokes of 3, 6 and g in., with various 
types of foot, hand, automatic and 
remote control for the air valve 


Voltage Regulator 


Sorensen & Co. Inc., Stamford, Con 
This regulator, Model E-3006, has been 
designed to provide a stable, regulated 
source of d-c voltage and current that is 
applicable for testing of instruments 
The input voltage is carefully controlled 
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QOUPON FOR NEW BU 


Dilgear Company 
W. Bruce St., Milwaukee 4, Wis. 


pase send me a free copy of Bulletin 44110 on th 
lew Oilgear Type ‘“JK’’ Feed Pump. 


ame 


osition___ 











eanutone bolt! 











(THE SOLDERLESS, TAPELESS WIRE CONNECTORS) 
\ Patented—No. 1,933,555 


@ See for yourself how easy and 
economical it is to make a better, 
stronger, neater, safer connection 
of any usual combination of wires 
with an Ideal ‘’Wire-Nut’’. . . No 
need to twist wire—no solder—no 
tape—no tools—just screw the 






“‘Wire-Nut” on the stripped wires 
like a nut on a bolt. Cuts material 


uno 


costs—speeds production—im- 
proves quality and appearance of 
finished product...’’Wire-Nuts”’ 
available now in sizes 
combinations from two No. 
through three No. 10, 
stranded. Listed by Underwriters’ 


are 
for wire 
18 
solid or 
Laboratories, Inc. Millions in use. 
Distributed through leading whole- 
salers. Mail coupon for Free Samples, 
Application Manual and cost data. 
& Trade Mark Reg. U.S. Pat. Off 


QDEAL 


IDEAL INDUSTRIES, 


Successor to Ideal Commutator 
1446 Park Avenue Sycamore, lilinois 


FREE sampces T 


IDEAL INDUSTRIES, Inc. 


ce, ee i -  Se | 


Inc. 
Dresser Co 





| 1446 Park Ave., Sycamore, Ill. | 
I Send FREE SAMPLES of “’Wire-Nuts” with | 
| application and cost data. | 
| | 
| Name | 
| Address a | 

| 
" City Zone — , 
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that 
without variation. 


kept at its 
The upper half of 
a modified Nobatron with 
following characteristics: 
range, 95 to 
6 v d-c; load range, 7! 
regulation 


sO output 1s 
this unit is 
the 
voltage 125 Vv a-c; 
voltage, 
amp. ; 


2 to 


percent 


15 
accuracy, 0.1 









setting | 


Input | 
output 


and input frequency range of 50 to 60 | 


The half 
regulated d-c power supply with these 
characteristics: 


cycles. lower contains a 


to 135 V a-c; output voltage, 0 to 300 v 
d-c continually adjustable; load ca- 
pacity, 100 milliamp regulation accuracy 
1/10 of I percent. 


Variable Capacitors 


Williamson Inc., 237 Fair 
. Upper Darby, Pa. 

as the HCA. 
able capacitors have stator to 
short r-f and butterfly 
rotor construction that permits ground- 
ing rotor at the of the r-f 


Barker 

child Ave 
Known Type these vari 
sections 
provide paths 


center volt- 


ize point with respect to stators. Coils 
can be mounted directly on the capaci 
tors for maximum efhciency. These 


| units can be used for medium-powered 


triode or tetrode stage plate circuits 


where modulated plate voltage does not 


exceed 1,250 v and unmodulated plate 
voltage is not more than 1,500 volts. 
The airgap is 0.125 inches. The capaci- 


and tie 
aluminum plates 
types: JCX 
g length of 5 
n. and a capacity of 100 mmfd per s 


stainless steel shafts 
rounded 
> available 


tors have 
rods, heavy 
and ar 


100E having 


in three 
a mounti 





Input voltage range, go | 
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(apie. CUT TO THE 


CISION OF METAL! 


Die-cutting of felt parts is a precision 


job at Booth... often to tolerances 
usually associated only with metal. 
Every order, big or little, is given 
interested and immediate attention. 
You receive only precision-cut felts of 
uniform quality and stamina. We in- 


vite your test of Booth Felt Economy. 





APPLICATION CHART 
KIT contains 
S.A.E. felt types, 
tables. Write 
low-up.) 
BOOTH 


th Street 


AND SAMPLI 
swatches 
with specifica 


lion tor it. (No 


sale 
TH) 
175 1° 


736 She ry 


FELT COMPANY 
Brooklyn 15, N. ¥ 
Chicago 5, I! 


olh 


TRADE MARK 


PRECISION CUT 
FELT PARTS 


an St 


reet 


2318 
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i = = 
s NAX ) 
HIGH-TENSILE 
F FOR BUMPERS 























. 

] 

f 
Bumpers and similar parts that require good 
cold-forming quality in steel are stronger and 
more economical to produce when made of N-A-X 
HIGH-TENSILE. 
N-A-X HIGH-TENSILE’s resistance to deformation 
(denting) is 60% greater than the denting-resist- 
ant quality in carbon steel. Its inherently fine 
grain and higher hardness provide a _ better 

:, surface texture for plating. 


If you have parts requiring a combination of 
high strength, good formability and better sur- HIGH-TENSILE STEEL 
face texture, it will pay you to investigate N-A-x 
HIGH-TENSILE steel. 


GREAT LAKES STEEL CORPORATION 


N-A-X ALLOY DIVISION «¢ DETROIT 18, MICHIGAN ¢ UNIT OF NATIONAL STEEL CORPORATION 
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hikbamd. 


SCREW MACHINE 
PRODUCTS 








1 

| WE HAVE Mr. Manufacturer- 
if COMPLETE FACILITIES Our uniformity checks 
| FOR THE MANUFACTURE OF and care in production can 
| UNIFORM SCREW MACHINE lower your assembly costs: 

PRODUCTS OF EVERY TYPE. <i 

WE DESIGN AND PRODUCE ars 

SIMPLE AND COMPLEX <x 

MECHANICAL AND ELECTRO- t= 

MECHANICAL PARTS AND cE 
| SUB ASSEMBLIES. E 

Rm 3 ‘= ae 

















<< i ea 4 





Carfully made screw machine 


TEL. WATextown BOOO 





| —- 
Naas scucsc NG Cy ead 





40 PLEASANT STREET, 


| e—<$§££ uo—_______ 











WATERTOWN, NA AS 


























BARR Y 


for control of 
VIBRATION 
IMPACT 
NOISE 


* An Engineering and consulting service 
specializing in the control of dynamic 


forces. 


* Complete Laboratory facilities for 
measurement and simulation of vibra- 
tion and impact conditions. 

* Shop 


models and experimental devices. 


facilities for construction of 
* Production facilities for the manufac- 
ture of standard and special vibration 


and impact isolators. 


Write for catalogue or state your 
problem 


THE BARRY CORPORATION 


Formerly L. N. BARRY CO., INC. 


> 4 178 SIDNEY STREET 


CAMBRIDGE, MASS. 
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NYLON 


Machined and Molded 


Unusual bearing strength, 
heat-resistance, toughness, 
chemical-resistance — these 
are some of the properties 
which commend nylon as a 
useful industrial plastic. 


In Product Engineering, 
December 1946, L. L. Stott, 
of The Polymer Corpora- 
tion, discussed moldability 
and machinability of this 
“super polymer.” 


A few reprints of this article 
are available at 10 cents 
each, while they last. Write 
to Reader Service Depart- 
ment. 


PRODUCT 
ENGINEBRING 


330 West 42nd St., New York 18, N. Y. 
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tion, JCX5o0E with a length of 33 in. 


| and capacity of 50 mmfd per section; 


and JCX25E, 234 in. long with a ca- 
pacity of 25 mmfd per section. 


High Pressure Vent Valve 


Lodge & Shipley Co., Risselt Div., Cin 

cinnati, Ohio 
The functioning mechanism of the Ris- 
selt J-7 Air Eliminator is a 1% in 
12-convolution thermostatic bellows 
constructed of Monel metal. This 
valve can cover a range of pressures up 
to 125 psi and is applicable to those 








2= 


industries having high pressure heating 
and processing cycles. ‘The valve seat 
can be replaced when necessary without 
replacing the whole valve. The valve 


| case is built of 24% in. brass; top and 
| bottom completely machined. It has 


| chemical, 


been used in the food, paperwood 


rubber, textile and_ similar 


| industries, 


| trace will 


Metal Thickness Tester 


Sperry Products Inc., 15th St. and Wil 

low Ave., Hoboken, N. J. 
With this instrument, thickness of me 
tals and other materials can be mea 
sured where access to only one side | 
available. The quartz crystal searching 
unit of the Reflectogage is applied to 
the oiled surface of the material and 
the oscilloscope pattern is observed. A 
vertical deflection of the oscilloscope 
ind‘cate resonance of the 
supersonic sound beam within the ma 
terial. The position of the vertical de 
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1561—Crude, manually-operated bel- 1890—This age-old method of keep- 1915—The Howell Red Band Motor 
lows were used in an attempt to pump 4 ing cool was still in use in many made its appearance. Seven years 
resh air into a mine, but with indifferent parts of the world. But in this era electric later the first movie theater was fully ai! 


























results, according to a journal published in motors came into general use. Soon to come conditioned. Other businesses followed. Air 
Switzerland. And man’s quest for comfort were new ways to make air work for man’s conditioning was on its way, thanks to the 
ndoors was under way. comfort and well-being. electric motor as a source of power. 

























5! fe Today it’s different! And 
es better! 





Air is universally used for com- 
fort... for profit. It’s the excep- td 
tional business that does not put 
air to work. 





Sita In the air conditioning and 
\ 4 allied industries, you’ll find How- 

NG ell Motors driving fans, blowers, 
’ exhausters, air washers, com- 
pressors and conditioning equip- 
ment, as well as pumps, heating, 
drying and cooling apparatus 
And you'll find every user has a 
good word for Howell! 





Why? Because Howell Motors 
are industrial type motors de- 
signed for the toughest applica- 
tions in industry. Consequently, 
they perform better on all jobs. 
Are you using them? 





Here’s another precision-built Howell 
Motor. Howell Motors are industrial type 
with copper or bronze rotors—specially 
insulated — statically and dynamically 
balanced. Be sure you specify Howells! 


HOWELL ELECTRIC MOTORS CO., HOWELL, MICH. 
Manufacturers of Quality Industrial Type Motors Since 1915 
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Precision Gears Made to Your 
Exacting Specifications 
When Sewall craftsmen go to work on 
your specifications, you are employing 
the extensive facilities of an experi- 
enced organization. Our engineers can 
give you valuable assistance in estab- 
lishing the one best design —then in turn- 
ing out uniform production runs. Illus- 
trated are examples of a Sewall bevel 
gear and pinion . . . worm and worm 
gear ... helical gear and pinion... 
Zerol bevel gear and pinion. Send blue- 
prints or samples for prompt estimates 

on any quantity. 


— 
Bo es —< RACKS + SPROCKETS + SPUR + SPIRAL + 
. 7 i BEVEL - ZEROL BEVEL - WORM GEARS 
rs 


SS 
“Lf / | > E. B. SEWALL MANUFACTURING CO. 


696 Glendale St. St. Paul 4, Minnesota. 


























A heading machine cutting sections from heated 
steel rods and compressing them in oa die 
to a rough spherical shape. 


The steel is carefully chosen and inspected, even before it gets to the 
heading machine. After being “born” here, balls are carefully “brought 
up,” through a long series of grinding and lapping operations, to the 
unbelievably high standards of finish, sphericity and precision which have 
made Strom Metal Balls the standard of Industry. Strom Steel Ball Co., 
1850 South 54th Avenue, Cicero 50, Illinois. 


Strotl] BALLS & Serve industry 


Largest Independent and Exclusive Metal Ball Manufacturer 
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flection along the horizontal axis is de- 
termined by the resonant frequency and 
is thus related to thickness. A different 
screen is used for each type of materia 
and for each of four thickness ranges 
Thickness of tubing and flat parts, be 
tween 0.005 and 0.3 in., can be read 
directly from the face of the oscilloscops 
screen. In direct reading of the thick 
ness of parts up to 4 in. can be done 
with slight calculation. Maximum error 
in measurement is less than 2 percent 
of the thickness of the material. This 
unit can also be used to search fo: 
internal flaws. 


Portable Volt Ohmmeter 


The Hickok Electrical Instrument Co 

10544 Superior Ave., Cleveland 8, Ohi 
The Hickok Model 214 is a self-con 
tained, battery operated electronic 
volt-ohmmeter that eliminates the need 
for plugging into an a-c line when 
testing. This instrument is suited fo: 
applications requiring resistance and 
voltage measurements at high imped 
ance, 15 million ohms constant imped 


ance. The instrument is built for 
self-checking of the batteries, and is 
usable for 1,350 complete cycles of 4 
min. operations. The meter is ele 
tronically protected against burn-outs 
The power supply consists of two siz« 
C flashlight unit cells and one standard 
miniature type 45 v battery. Ther: 
are six ranges each for a-c and d- 
voltages, ranging from zero to 1,20 
volts. Resistance can be measured from 
1 ohm to 1,000 megohms in six ranges 
The instrument measures 8% x 6 x 4! 
in. and weighs 5% pounds. 
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